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PREFACE 


This submission is designed to acquaint members of 
the Commission with the general functions and policies 
of the Oil and Gas Conservation Board, Province of Alberta. 
|The Board functions relate primarily to the production 
side of the oil and gas industry, to the effective utiliza- 
tion of gas, and to the removal of gas from the Province. 


The Board is not concerned with the refining of oil and 


deals only incidentally with the transportation and re- 
moval from the Province of oil. 

Statements of Oil and Gas Reserves and Trends in 
Growth of Reserves are included. Also, for the conven- 
ience of the Commission, the Geology of Alberta and the 


Nature of Oil and Gas are discussed briefly. 
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INTRODUCTION 


The first Oil and Gas Conservation Act was passed in Alberta 
in 1938 and provided for the setting up of a Conservation Board. 
The present Oil and Gas Conservation Board functions under, and 
is responsible for the administration of, the Oil and Gas 
Conservation act (1), The basic conservation concepts are set 
forth in section 4 of the Act which reads: 

"4, The intent and purpose of this Act are 

(a) to effect the conservation of the oil and gas 
resources of the Province, 

(b) to prevent the waste(2) of the oil and gas 
resources of the Province, 

(c) to secure the observance of safe and efficient 
practices in the locating, spacing, drilling, 
equipping, completing, reworking, testing, 
operating and abandonment of wells and in all 
operations for the production of oil and gas, 
and 

(d) to afford to each owner the opportunity of 
obtaining his just and equitable share of the 
production of any pool."™. 

The Act applies to all wells in the Province whether they 


be on Crown or freehold lands. 


(I) Statutes of Alberta, 1957, c.63; Appendix A. 


(2) "waste" and "wasteful operations" are 
defined in section 2 of the Act. 


2 


1 
iY 
, a Phi 
FY ( W 
4 
a 
( 
) t 
Fee 
ye" 
' 


ele ee 
The Board is constituted under the Act as a body politic 
and corporate, and consists of three members who are appointed 
for a term of five years and thereafter during the pleasure of 
the Lieutenant Governor in Council. Members of the Board are 
prohibited from holding any interest whatsoever in any oil or 


gas property or in any business connected with the oil and gas 


industry. 


The Board is given complete authority in the matter of 
appointing staff and may retain the services of any technical 
experts in an advisory capacity. The head office of the Board 
is in Calgary and there are a northern district office at 
Edmonton and nine regional offices located at Black Diamond, 
Devon, Medicine Hat, Redwater, Camrose, Stettler, Drayton Valley, 
Lloydminster and Red Deer. The present staff consists of some 
fifty-eight engineers, geologists, statisticians, and other pro- 
fessional persons and some one hundred and thirty.five non- 
professional. This includes the field staff that numbers some 
fifty and consists about half of engineers and half of tech- 


nicians and clerks. The Board is financed by Government and by 


industry and freehold owners on an approximately fifty-fifty basis. 


The powers of the Board and the scope of its conservation 
responsibilities are defined in the Oil and Gas Conservation 
Act. The Drilling and Production Regulations (3) established by 
order of the Lieutenant Governor in Council and the General Reg. 
ulations (4) established by Board order, each under the authority 


(3) Appendix A2 


(4) Appendix A3 


in 


of the Act, detail the ground rules concerning the spacing, 
drilling and operation of oil and gas wells and the measurement 
of oil and gas. 

Related to its conservation functions are the responsi- 
bilities of the Board concerning the removal of gas from the 
Province. The policy of the Province and the duties of the 
Board in implementing it are defined in the Gas Resources 
Preservation Act, 1956(5). These are fully treated under a 
later heading. 

The Actsand regulations which the Board administers have 
been amended and replaced from time to time as a result of 
knowledge gained. Alberta has had to pioneer oil and gas 
legislation in Canada but was fortunate in being able to make 
use of the vast experience gained over a long period of years 
in the United States. The development of conservation under 
such legislation is portrayed in An Historical Sketch of Oil 
and Gas Conservation in Alberta(®), 

Valuable assistance has been received from the oil and gas 
industry itself in drafting new legislation and regulations. 
The task of the Board has been made a lot easier by the splendid 
support it has received from the industry in its efforts to 
promote efficient operating practices and procedures and to 
regulate production in the interests of securing the optimum 


recovery of our oil and gas reserves. 


tatutes of Alberta, > ce-l9; Appendix B. 
(6) Appendix C. 


CHAPTER 11 


THE NATURE OF OIL AND GAS 


Crude oil is a liquid mixture of paraffinic and other 
hydrocarbons spanning a wide range of molecular weights and 
containing varying amounts of sulphur, nitrogen and other 
elements. It ranges in specific gravity (relative to water) 
from about 0.7/to nearly 1 (API gravity from 50 to nearly 10) 
and varies widely in volatility. Natural gas is a gaseous 


mixture of normal paraffinic hydrocarbons, mainly methane, 


which often is contaminated with water vapor, nitrogen, 
carbon dioxide and hydrogen sulphide. 

The nature of the underground occurrence of oil and gas 
and its effect upon conservation were discussed in a general 
paper presented before the Canadian Institute of Mining and 
Metallurgy in 19507), The following discussion is abstracted 
from this paper. Although the oil and gas concentrations 
underground are referred to as pools, it should be understood 
that the oil and gas do not occur in underground lakes but 
in the pore spaces of porous permeable rock. While there is 
not even yet a clear understanding of the origin of oil and 
gas in the earth, underground concentrations of these 
fluids are found trapped in porous rocks by impermeable for- 
mation. The physical nature of the reservoir rock may vary 


over wide limits and from the finest grained sands to 


(7) Appendix D 


we 


cavernous limestones, of which latter the Leduc D-3 reser- 
voir rock is typical. The pore or non-rock space may vary 
from less thanj5 per cent to over 25 per ‘cent.., Reservoir 
rocks may vary over even greater limits in respect to their 
ability, to) permit Ree eration or movement of oil or gas. 
Permeability, or ease with which flow is permitted, is 
analagous to electrical conductivity - the ease with which 
electrical current can flow. Permeability usually is 
measured in millidarcies and the permeability of oil and gas 
reservoir rocks is found generally to vary from well under 


50 to over 1,000 millidarcies. 


Connate Water 


While most underground rocks exhibiting porosity and 
permeability are filled with salt water, an oil or gas 
reservoir contains oil or gas, as well as some water, in its 
pore spaces. The water which fills part of the void spaces 
is termed "connate" or "interstitial" water. It is believed 
to be water which was not displaced by the petroleum at the 
time of its accumulation and entrapment in the originally 
water saturated reservoir. The connate water content may 
range from 5 per cent to 40 per cent or more of the void 
space and is important, not only because it represents a 
part of the void space which does not contain oil or gas, 
but also because of the role it plays during the productive 


life of the reservoir. 


oe) ee 


Natural Gas 


Natural gas as produced from a well may be divided into 
two separate categories: 
i. (DryrGas 
The term "dry gas" refers specifically to gas which, 
composed mainly of the low molecular weight gases, methane 
and ethane, has no economically recoverable liquid hydro- 
carbons (propane, butane, and pentanes plus) and is, usually, 
not associated in the reservoir with commercial quantities 
of crude oil. The specific gravity of dry gas, compared with 
air, varies from 0.95 to 0.70. 
Z. Wet Gas 
Wet gas is defined as natural gas which contains an 
economically recoverable quantity of liquid hydrocarbons. 
The degree of liquid saturation varies greatly, from an 
almost dry gas exemplified by the Joarcam Viking gas cap to 
the very wet gas of the Windfall D-3 Reefal pool. Wet gas 
may further be classified as: 

(1) Gas cap gas - found in the interstices of rock 
directly overlying crude oil accumulations, the 
gas in intimate contact with either a commercial 
or non-commercial deposit of crude oil. 

(2) Solution gas - dissolved in the crude oil during 
its formation and accumulation and unavoidably 
produced coincidentally with it. 

Gas cap gas and solution gas are often referred to 


as "associated gases", 


asf 


(3) Gas condensate gas - a wet gaseous phase produced 
from gas condensate reservoirs of the Jumping Pound 
and Pincher Creek type of Mississippian accumula- 


tion. 


Crude Oils 

Crude oil accumulates as an “undersaturated" or 
"Saturated" oil, both terms referring to the relative amount 
of gas dissolved in the oil. For those crudes in which the 
amount of gas dissolved is less than that physically possible 
for the reservoir's pressure and temperature, the crude is 
called undersaturated. The degree of undersaturation for 
crude oils varies from slightly below the maximum amount of 
gas that could be dissolved in the oil to a large amount of 
undersaturation. Alternately, a saturated crude has the 
maximum amount of gas in solution. Saturated crude oils 
generally have gas caps of various sizes associated with the 
oil, ranging from a fraction to possibly 100 times the reser- 
voir rock volume of the oil zone. An example of an under- 
saturated crude is that found in the Pembina Cardium reservoir, 
and of a saturated crude, that of the Leduc-Woodbend D-3 


productive zone. 


Condensate 
In deep reservoirs, particularly in the foothills and 
"disturbed belt" region of Alberta, a hydrocarbon mixture 


which really is neither gas nor liquid is frequently found. 
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These mixtures are ones which, in the reservoir, exist as a 
single fluid phase at reservoir pressure and temperature, 
yet, on being produced through surface separation devices 
form a "wet gas" and an oily liquid or "condensate". The 
condensate is a white to slightly colored high quality oil 
of 45° to 70° API, not unlike a mixture of gasoline and very 


light machine oil. 


Contaminants 

Natural gases, crude oils, and condensates contain 
carbon dioxide, nitrogen, hydrogen sulphide and various 
other contaminants. The term "Sour" is applied to those 
hydrocarbons which possess hydrogen sulphide - without it, 
the hydrocarbons are “sweet", Most Viking reservoirs in 
Alberta are "sweet", most Mississippian and Devonian pools 


are "sour®> 


Bottom Water 

Quite often the hydrocarbon fluids are underlaid in the 
reservoir by water, that is, the pore spaces below the 
accumulation of oil and gas are completely filled with water. 
In the event of the occurrence of a saturated crude with an 
associated gas cap, the fluids arrange themselves, by gravi- 
tational segregation over geological time, so that the gas 
overlies the oil with a transition "gas-oil" zone between 
them, and the oil overlies the "bottom water" with a transi- 


tion "oil-water" zone between it and the water. 


Reservoir Drive 

Oil of itself has little inherent energy to cause it to 
flow either to the bore of the hole man may drill into it or 
up the pipe man may lead from the surface to the reservoir. 
True, oil under pressure has a certain amount of compressive 
energy which aids in its expulsion from the reservoir but 
this is seldom sufficient to cause the flow of more than a 
very small fraction of the oil in the reservoir. The move- 
ment of oil from surrounding parts of the reservoir to the 
well bore and (in the case of a "flowing" well) up the tubing, 
is caused mainly by a displacement process involving the 
expansion either of underlying water or of gas. There are 
three major mechanisms by which oil may be displaced and 
caused to move to the well bore. These “reservoir drives" 
as they are called, are the water drive, the solution gas 


drive, and the gas cap drive. 


Water Drive 

In the event of a reservoir being underlaid by a 
sufficiently large body of water, the oil or gas may be 
displaced by the upward expansion of the underlying water. 
This, the so-called water drive, is ordinarily the most 
efficient displacement process. A water drive may be devel- 
oped when, because of pressure release at the well bore, a 
vast body of compressed water expands and moves toward the 
region of pressure release, pushing oil in front ofventls 7 ifiie 


water drive mechanism is aided by gravitational segregation 
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and is efficient only when the rate of advance of the water 
front is extremely slow. Since the advance of the water-oil 
or water-gas interface is caused by the pressure release 
attending production of oil or gas the rate of advance of the 
interface generally is proportional to the rate of production 
of oil or gas. It, therefore, follows that the water drive 
mechanism can only be efficient when the rate of production, 
which controls the rate of advance of the water front, is 
maintained at an efficient low value. Experience in the 
operation of water drive oil fields, coupled with iaboratory 
tests and theory, tells us that under ideal conditions 
recoveries as high as some 80 per cent of the oil in the 


reservoir might be expected. 


Solution Gas Drive 

Regardless of the existence or otherwise of a large 
body of underlying water, if the crude oil contains gas in 
solution - and particularly if the oil is saturated with 
gas - a solution gas drive may develop. This type of driving 
action occurs whenever the reservoir pressure is lowered to 
the point where gas starts to break out of solution from the 
oil. In the case of saturated crudes even a Slight lowering 
in pressure causes gas evolution, while in the case of under- 
saturated crudes a substantial pressure decline may be 
required. In the solution gas drive the displacement of the 
oil results from the expansion and flow of gas evolved from 


solution in the oil. This is analagous to the displacement 


6 


of soda-water by the evolution and expansion of dissolved 
carbon dioxide gas when the cap of a bottle (and the confining 
pressure) is removed. 

The solution gas drive is not an efficient displacement 
process, While the oil recovery under this type of drive 
varies considerably with the characteristics of the reser- 
voir fluids and the reservoir rock, recoveries of the order 
of 10 per cent to 25 per cent of the oil in the ground are 


all that may be expected. 


Gas Cap Drive 


The third type of displacement process, the gas cap 
drive, is one generally considered as intermediate in effic- 
iency between the solution gas and the water drive. Here 
the displacement is accomplished with the aid of the downward, 
piston-like expansion of the overlying gas cap. This expan- 
sion occurs with production from the field and as the 
reservoir pressure declines. The gas cap mechanism, like 
the water drive, is a rate-sensitive process and high effic- 
iencies result only when the rate of expansion of the gas 
cap and the downward movement of the gas-oil interface is 
kept low. Most important, however, is the preservation of 
the gas cap which provides the driving energy. This means 
the prohibition of production of gas cap gas until after the 


recoverable oil has been produced. 


~ 12 - 
CHAPTER III 


GEOLOGY OF ALBERTA 


General Description 

It is estimated that 96 per cent of Alberta is underlaid 
by deposits of sedimentary rock. The sediments cover a complex 
of igneous basement rock and thicken from their outcrop areas 
in northeastern Alberta to thicknesses exceeding 14,000 feet 
along the western edge of the Alberta plains and to even greater 
thicknesses in the foothills where thrust faulting may cause the 
cyclic repetition of formations. The manner in which the total 
thickness of sediments increases is illustrated in Figure III-l. 

Geologists have classified the sedimentary deposits of 
Alberta into groups, formations and members, the most wide-spread 
being the group and the most restricted being the member. A 
group contains two or more formations, each of which may embody 
two or more less extensive members having some geological 
character in common. The names and relative positions of these 
geological units are illustrated in diagrammatic form by Figure 
III-2, entitled "Table of Formations - Alberta". 

Nearly all formations thin or become non-existent in an 
eastward direction within the Province. This is caused by the 
fact that certain formations were deposited to greater thick- 
nesses in the western part of Alberta and that some formations 
were truncated by erosional forces in an eastward direction at 
various times during the geological history of the Province. 

The cross-section, Figure III-3, illustrates the effect of 


truncation. 
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Beneath the plains of Alberta, covering an area of about 
220,000 square miles, the formations dip gently in a southwest- 
ward direction except in the southeastern part of the Province 
where a positive geological feature accounts for regional dips 
in other directions. As a result of regional dip, the drilling 
depths required to evaluate a specific formation increase in a 
westward direction. 5 

The rate of regional dip increases from only a few feet per 
mile in northeastern Alberta to nearly 100 feet per mile adjacent 
to the foothills. Localized structural anomalies may distort, 
over limited areas, the pattern of regional dip. 

The narrow foothills and mountain belts, shown in Figure 
III-l, together occupy an area of approximately 25,000 square 
miles. They are underlaid by formations that have been folded 
and faulted by extreme compressive forces. This has resulted 


in a complexity of structural configurations. 


Geological and Geographical Distribution of Known Oil and 


Gas Reserves 


A number of formations underlying Alberta contain reserves 
of oil and gas. The reserves have accumulated in economic quan- 
tities where suitable reservoir rock and geological traps occur. 
The names and position of these productive formations are indi- 
cated in Figure III-2. 

To date, approximately 27 per cent of the recoverable oil 
reserves and 41 per cent of the disposable gas reserves of 
Alberta have been discovered within the conglomerate and sand- 


stone reservoirs contained by formations of Cretaceous age. 


The remaining reserves have been found nearly entirely in the 
limestone and dolomite reservoirs of the underlying formations 
of Mississippian and Devonian age. 

The relative significance of the major productive formations 
from the standpoint of discovered reserves is illustrated by 
Figures III-4 and III-5. These charts indicate that the major- 
ity of the recoverable oil reserves have been found in the 
Cardium and Leduc (D-3) formations and that the preponderance 
of disposable gas reserves have been discovered in the Rundle 
group and the Leduc formation. 

The geographical distribution of the known oil and gas re- 
serves within the main producing formations of the Province is 
illustrated by Figuresiii-6 to ITI-9, inclusive. ; It is evident 
that the boundaries outlining the reserve areas may approximate 
either the truncated edges of the productive formation, the 
areal extremity of suitable trap development within the formation, 
or the limits of the successfully explored portion of a formation 
that is potentially productive over a wider area. 

It is expected that future exploration will result in the 
discovery of additional large reserves both within and outside 
of the presently-delineated general reserve areas. Recent 
important gas discoveries in certain Mississippian and Devon- 
ian formations of the foothills and eastern mountains and oil 
discoveries in other Devonian formations underlying 4 part of 
northwestern Alberta are highly significant as they reveal the 
potentiality of formations and regions that, until recently, 


were not considered as highly prospective. 
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FIGURE II-5 
GAS RESERVES 
FOUND IN ALBERTA PRIOR TO DEC. 31, 1957 
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OIL AND GAS CONSERVATION BOARD 


GEOLOGICAL DISTRIBUTION OF VIRGIN DISPOSABLE 


COMPILED ON THE BASIS OF RESERVE EVALUATIONS 
OUCUTION SGA Se ee ___ Bes 


ONTAINED BY EACH FORMATION = — = = 


ERCENTAGE OF TOTAL DISPOSABLE RESERVES 


SSOCIATED: GAS= eS SS 


SERRE R ERE 
Watetetetetetetepececes 


DIUM 


ORMATION] MEDICINE cA V 
OR GROUP HAT 


ovetetecesesece, 
sretetetesececetocecese, 
raroveseseseseeceseses? 
feeteseseceesccesseececs Sind 
aretetetereceres9. 929, 
ice ON 


41334 9I8ND 40 SNOITNIG-S3AN3S3Y SVD 318VvSOdSsid 


z 
= 
2 
fe) 
> 
rf 
a 
oc 
Ww 
a 
a. 
3 


(= N 


LOWER CRETACEOUS 


PERIOD | UPPER CRETACEOUS 
OIL AND GAS CONSERVATION BOARD 
CALGARY, ALBERTA 


FIGURE II-6 
SHOWING 


| 
| 
GENERAL AREAS OF ALBERTA WHERE | 
OIL AND GAS RESERVES HAVE BEEN DISCOVERED | 
| 
| 


IN THE 


| 
| 
| 
| 
COLORADO GROUP 
| 
| 


| 
PEACE' RIVER | 


1754 i e 
° FORMATION ° / 
1 -——-—~__| F ' 
| i“ Ss gtd | 
v7 — Cie | Pecks a AES 
‘ iwc ' eS a t 
' Wi ad | PEN 
fear, | a ae PE 
bee ! | poe ’ 
| Uh | | Aas \ —Ires 
LY ‘ | —— Y 
a a sepa \ 


| 
i 
@ — | . 
fs YE | ~~ | ay —Jprss 
7 . | RS ® | PAP 9 ’ 
sS I ry ) 
: | ~. 2 
3| > SS yg i y, 
150 3 S é —|150 


~ CARODIUM ¢ 
\ \ 


FORMATION VIKING FORMATION ne 


an : 
73h 


ye 
[ 

| 
Ve 


Nears 
A 


FIFTH 


— LEGEND — Ve = 
O 


GENERAL AREA IN WHICH RESERVES fN\ e 
=~ 


CALGARY 


OF OIL AND GAS HAVE BEEN DISCOVERED Gama i 
IN THE FORMATION DESIGNATED Eee = ee r | 
| 
. 
DEVELOPED OR PARTLY DEVELOPED AREAS \ : MEDICINE HAT 
WITHIN THE FORMATION DESIGNATED: . | SANDSTONE 
NATURAL GASPRE DS CLL | oi 
io oo 
OIL OR OILVAND GAS_________. Ry 3 | 
0 | 
LOCATION OF SIGNIFICANT WILDCAT \ ry i 
SHOWINGS OR SINGLE WELL RESERVES | A 
WITHIN THE FORMATION DESIGNATED: | \ |v 
NATURAL (GAS = 68 8 o Tio) | : ; 
Se ee aN ONS en O | ®LETHBRIDGE \ BOW /SLAND SS 
rd | FORMATION 
| 
| 
| 
| 
| 
! 
| 
| 
1 


DATA COMPILED AND DRAFTED BY 


FEBRUARY |, 1958 
OIL AND GAS CONSERVATION BOARD Ras 


CALGARY, ALBERTA 


! 
| 
FIGURE I-7 | 
| ° SHOWING | 
i GENERAL AREAS OF ALBERTA WHERE | 
I OIL AND GAS RESERVES HAVE BEEN DISCOVERED 1 
| IN THE | 
| 
| 


| BLAIRMORE & EQUIVALENT FORMATIONS 


Hi ; “ 
f) WZ o% \ \ 
| A a \ e ® \ 
') we Q F . \ Bo 6 £ \ 
© \, ry eo g \ 
o » RS 4 
\ \ \aarA\g © 
| ‘ ' x oS Le \ 
i] W PEACE \ | Vw & ‘ 
® RIVER N | \'3 ny NS g \ 
cel Pe ef : Vv! . : | : ee 
a < ig > thee Spee sin ee eee skp oe a ooh ara Dees erty alee 
: | I ees | | /o | 8 ~~! 
| ® \, | © ¢ | | 
2 Q| Ne ! / Qq Ry \ 
ost : ie ~ yay eo \ \ 
| ise Nlyaes \ at 
SLUESKY-GETHING ° N, ier “ap, \ 
y anes ‘ ) 
| FORMATIONS yy) Nea maies I 
4] = ™ oRaWoE ° a / aM Wy Pay Pig \ 
PRAIRIE | a Y nye Ty “Ly, s, 170 
1 | Ff Ag ess axe “YX Nu 
| Lae | ws | RY e Se Pg 4 
| | Sete iou BO Ore i, Of ty ene: eee 
% Bes a H gee 4. Ae gs | oy pn —S met cee os U 
j (o) -—_— re / ae © | o o ae ie —] res 
| a eae o | is 2 
- a =, 1 | io a 
fg fas ss \ he £4 | Qo Dy / recat 1 
TGQ Om a a | PAS | © o \ De & 
Fa Ta er en \- ° él Se 
| MA WGiMinMidiciiiG cr iia rae a mw \ = ‘ 


7 
Za 


onl 
7 
e 
Pia 
=) 8 
? 
6°e9° 
8 
\ 
a 
YH 
8 
P:) 
B 
aang 


. Pd / ; 
4 <a EDMONTON x ; * 
Ca S v g © (LOW GRAVITY 
; : ‘ its ei IC ash tts 
wi \ o e = H As 
al 4 I Ve 
VS 2 \ (2) I % e 
2 \ 4 ; 0° 1 he 
x ° o \ a 
2, al LY @ : 
\ . bs) ry 
Ae : 


ne 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| oO € 
i 
| 

| 

| 

| 

e_—______}| —_____,—— — ——_—. ——— 

5 

| 

| 

| 

| 
1 

| 

y 
‘\ 
i | 


| 
4 H 
rs) © 
S| e a AR 
T30§— 2 e 1 
al ° © 
itl 9 | 
| = 
| e 
| a ° —tres 
9 | 
| 


t3ag— \ . > 4 
leo == \ : to 
END i \ Lilea cary , ? 


OF OIL AND GAS HAVE BEEN DISCOVERED id 
IN THE FORMATION DESIGNATED 


iy ’ 
DEVELOPED OR PARTLY DEVELOPED AREAS Y \ ‘ 


WITHIN THE FORMATION DESIGNATED: 


NATURAL GAS____ = = LLL % 
uh— 


LOCATION OF SIGNIFICANT WILDCAT 
SHOWINGS OR SINGLE WELL RESERVES 
10 y 


‘ 
\ | ss 
GENERAL AREA IN WHICH RESERVES VON 4 \ ! ° @ te 


=_—" 
= 
——-_---— = 


WITHIN THE FORMATION DESIGNATED: 


| 
! 
| 
| 
| 
! 
| 
mae |  RUNATURAL CAS = eee Se ee o | 
OIL OR OL ANDGAS_____§_ = e | BLcTHERIOGE 
d SCATTERED BLAIRMORE 
| 
| 
| 
! 
| 
! 
| 
| 


\ [a pen, 
| | ae Bs cee eo oe © ROWAN. 
DATA COMPILED AND DRAFTED BY AN se. ee © oe oe RIO 

CACOARY ALBERTA. OIL AND GAS CONSERVATION BOARD > al R.20 


! 
| | 
| 
. i] 
| FIGURE IL-8 | 
| SHOWING | 
GENERAL AREAS OF ALBERTA WHERE | 
! OIL AND GAS RESERVES HAVE BEEN DISCOVERED 
| | 
| | 
| 
i] 
| 
! 4 


IN THE 
MISSISSIPPIAN FORMATIONS 


RIVER 
N 


@ GRANDE 


‘ | 
lh 
e 
e | | 
id ies PRAIRIE \ ! \ Hire 
tal 
hi 
y 
\I 
MT] 


es 
oa 

_—_— 
a 


ERIOTAN 


eth eh ees ed 
Ee 7 lin i. oo = meat 
| | ¢ . \ »: | 
| 5 q \\ ° \ BANFF FORMATION 
] ‘ ° \ se ‘ 
NE | 5 \ \- ' 
j s Nate ‘ puss 
~ | \ bay | 
WWE, 4! n 
: x EomonTon [_ | 
| — iso 
i 
i 


\ 
RUNDLE GROUP \ 


oF 
= 
TE 


vf 
J! 
| 
| 
I 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i 


\ 
—_—— = 


& 


BANFF FORMATION 


\ 


z f 


(BANFF) ( cos 


2 


x 


e le 


{ 
= 


ge 
8 
1 - —— = 
2 
Lo} 


& 


= LEGEND — 


GENERAL AREA IN WHICH RESERVES 


OF OIL AND GAS HAVE BEEN DISCOVERED 
INTHE} FORMATION DESIGNATED. os ul SRA | 20) QS) VSR a = vary iS 
- \ Oo e i] 
DEVELOPED OR PARTLY DEVELOPED AREAS i BANFF OR LOWER RUNOLE | 
WITHIN THE FORMATION DESIGNATED: AN 
NATURALIGAS 2-2 Sage are 
OIL OR OIL AND GAS_________. N 
; | 
LOCATION OF SIGNIFICANT WILDCAT \ | MEDICINE HAT 
SHOWINGS OR SINGLE WELL RESERVES ‘ ; 
WITHIN THE FORMATION DESIGNATED es \, ah 
NATURALYGAS Sooo ce es eee \ 
OJOR OIWANDIGAS == a © iN ' 
LETHBRIOGE ., 
e Ne | 
\ —tis 
No | 
ee 4 
. 
| l <a 
DATA COMPILED AND DRAFTED BY Ls ——<—<r- —T sam. 


FEBRUARY |, 1958 
CALGARY,ALBERTA OIL AND GAS CONSERVATION BOARD 


1 
FIGURE I-9 | 
SHOWING | 
GENERAL AREAS OF ALBERTA WHERE | 
OIL AND GAS RESERVES HAVE BEEN DISCOVERED H 
IN THE | 
DEVONIAN AND PRE-DEVONIAN FORMATIONS | 
1 
Es | 
fw j 
| ‘ ‘ 
| MIPEACE s/ 7! ! 
| 


cx ee 7 s_———— 
7 | t-- 20 — gs PSs ia AiG oon anos ne Aa aM_ —— <8 — — — — 8 — I 
e 
| | is } ' 


Wy fl f | 


—~ 
| eter es 
els tte A 

| 


‘ ’ > ame ont ae Jae > 


anos 
| : aight WINTERBURN - WOODBENO—~. | 
| | K2 GROUPS . cane ke 

may | Pe ae ay FORMATION & LEDUC REEFS) pay 
PS) ie 4 /s84 ~ | 
4 SS 


eo 
q EDMONTON P 


eae 
— 
Sa 


i) 
S 9 a 
SX “JEFFERSON” 
Py Ney : 
isl . 
' peel eh 
WABAMUN —— 
5 D-| 
- ‘ ( \y J 
— LEGEND — | VY 
maZ 
CALGARY 
GENERAL AREA IN WHICH RESERVES mt e | ) 
OF OIL AND GAS HAVE BEEN DISCOVERED | Pe ee 2 eS a a eae 
IN THE FORMATION DESIGNATED 


| “JEFFERSON” 
DEVELOPED OR PARTLY DEVELOPED AREAS 


WITHIN THE FORMATION DESIGNATED: 


LOCATION OF SIGNIFICANT WILDCAT 
SHOWINGS OR SINGLE WELL RESERVES 


WMEDICINE HAT 
WITHIN THE FORMATION DESIGNATED 


®LETHBRIDGE 


ua 
| —— = 
CALGARY ALBERTA CORE GAS Goo A peers 2 ‘ 20 m0 i 
CAL . 


OIL AND GAS CONSERVATION, BOARD 


\ es 


o——= 
6 


oa eo = 
=f 
a 


Geological Characteristics of the Oil and Gas Fields of Alberta 
Ee SF TELGS OF Alberta 


Oil and gas have been localized by stratigraphic, structural 
and combined stratigraphic-structural traps within the productive 
formations of Alberta. 

l. Stratigraphic Traps. 

Stratigraphic traps are caused by either a change from one 
type of rock to another or by a variation of porosity and perme- 
ability within the same type of rock. When the permeability and 
porosity of a reservoir formation is terminated in a suitable 
pattern by these changes, a trap is formed, capable of collect- 
ing hydrocarbons that have migrated into the area containing 
the trap. The regional tilt of a formation may assist this 
type of trap in localizing an accumulation of oil or aS 

The sizes and shapes of the stratigraphic traps underlying 
the plains of Alberta are varied. The Cardium reserves and many 
of the Viking reserves have been localized within wide-spread 
but thin blanket deposits of sandstone contained within a host 
rock of shale. Other Cretaceous reserves are contained by 
small sandstone lenses or by narrow and elongated deposits of 
sand. Mississippian oil reserves have accumulated in south- 
western Alberta where a portion of a tilted reservoir formation 
was decapitated and the area later covered by a layer of im- 
pervious rock. Mound-shaped Devonian reefs of porous carbonate 
rock contain large reserves that are confined to the reefs by 
surrounding shale. Other Devonian reserves are trapped within 
a development of porous dolomite contained by a regionally- 


tilted formation of impervious dolomite. 


2. Structural sTraps¢ 

Structural traps are caused by the folding, tilting, frac- 
turing or faulting of sedimentary strata. To qualify as a 
structural trap, it is necessary that these factors alone 
account for the confinement of the hydrocarbons within the 
reservoir rock. 

In the foothills and eastern mountains of Alberta, the 
Mississippian oil and gas reserves have been localized at 
great depths by structural traps produced by intense forces 
of compression and shearing. Beneath the plains of northwest-— 
ern Alberta, large gas reserves have been discovered in 
Cretaceous reservoir formations that were distorted into dome 
structures by the crustal adjustments of the basement rock. 
Additional structural traps occur: in the Devonian Nisku (D~2) 
formation where it has been locally warped into a dome struc- 
ture by differential compaction within a lower formation and 
where its porosity and permeability are developed over the 
entire structure. 

3. Combination Traps. 

Combined stratigraphic-structural traps are caused by a 
combination of the factors that produce straigraphic and 
structural traps. Included in this category are those traps 
that have accounted for hydrocarbons being localized over only 
a part of the structure, the remaining part being unproductive 
due to the absence of reservoir rock. The boundaries of such 
a pool are determined both by the configuration of the struc. 
ture where it contacts the fluid interfaces and by the position 


of the reservoir "pinch-out", 
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Many examples of combined Stratigraphic-structural traps 
occur beneath the plains of Alberta. The most common are the 
numerous Gething, Blairmore and Mannville pools that have accum— 
ulated within lenticular deposits of sand covering a part of a 
dome or plunging anticline, the latter being associated gener- 
ally with underlying Paleozoic erosional remnants or reefs. 

The facility with which an oil or gas field can be dis- 
covered depends upon its depth, areal extent, the type of trap, 
the geological complexity of the region in which it occurs and 
the general adaptability of geophysical techniques to its de- 
tection. For these reasons, those fields buried deeply in the 
complicated folds and thrust faults of the foothills are more 
difficult and expensive to discover than the relatively shallow 
and wide-spread traps occurring within the less complex forma. 


tions underlying the plains of the Province. 
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CHAPTER IV 


LOCATION, SPACING, LICENSING AND DRILLING OF WELLS 
ees NY 


The spacing and location of wells is regulated by the 
Drilling and Production Regulations (8), The normal oil well 
Spacing unit between the Alberta-Saskatchewan boundary and 
the 5th Meridian is one legal subdivision. The normal oil 
well spacing unit west of the 5th Meridian is two legal sub. 
divisions, being either the east half or west half of a 
quarter section. The normal gas well spacing unit through. 
out the Province is one section. 

To obtain a production allowable based on the area of a 
Spacing unit the well must be completed within its target 
area. In the case of a one-legal subdivision spacing unit, 

re. ae a ee 
the target area is a central square area with a side dimen- 
Sion of between 330 feet and 660 feet, depending on the 


, 
¥ ~~ 


depth. In the case of a on@=section spacing unit, one has 
aN, 
Zz 


the choice of target areas in each of the central legal sub- 
divisions or in the centre of the section. In the case of 
other spacing units larger than a legal subdivision, the 
target area is in a specified legal subdivision. 

If a well is completed outside its target area, the 
area upon which its production allowable is based will be 
an area less than that of the spacing unit and determined 
in accordance with the regulations or the spacing unit 


order. 


(8) Alberta Regulation 3/57; Appendix A. 
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The Board has issued orders creating spacing units 
other than normal spacing units in a number of fields and 
areas throughout the Province. The Board believes, with 
industry, that the trend toward wider spacing generally is 
sound, and most dnormal units are larger than those that 
would apply in the absence of a spacing unit order. Some 
Spacing unit orders are applicable for a limited time, and 
some are not. The orders subject to a time limitation are 
useful during the earlier operations in a field to permit 
a more rapid and economical reservoir appraisal, on a spac- 
ing pattern that contains larger units and that will permit 
"in-fill" drilling later if fuller knowledge of the reser- 
voir indicates that the variation from normal units is not 
justified. Orders providing for dnormal spacing units for 
unlimited times are made after sufficient knowledge of the 
reservoir has been gained to prove that adherence to the 


normal unit is unjustified in the light of drainage charac- 


teristics or the economics of field development. 


Licensing of Wells 

Sections 18 to 32 inclusive of the Oil and Gas 
Conservation Act relate to the licensing of wells. No 
well may be drilled without a licence issued by the 
Minister of Mines and Minerals of the Province and app- 


lication for a well licence may be made only by a person or 
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company entitled to the oil or gas. If a well is to be 
drilled for production of oil or gas the applicant must be 
entitled, or represent a party who is entitled, to the pro- 
ducing rights in the spacing unit in which the well is to 
be drilled, or if the well is for some other purpose then 
the applicant must have the right to drill such a well. 
Application for a well licence must be submitted to the 
Board for examination and forwarding to the Minister with 
the Board's recommendation. 

The proposed well location must have been surveyed by 
a surveyor or competent engineer and plans of the survey, 
endorsed by the applicant and the surveyor, must be sub- 
mitted with the application. The survey plan must show the 
proposed well site in relation to an established land survey 
monument and also to the boundaries of the spacing unit in 
which it lies. It must also show all rights of way, build- 
ing, mines in the same legal subdivision and all bodies of 
water or other wells in the same spacing unit. 

A well for oil or gas may not be drilled within 330 
feet of any right of way or permanent building unless the 
Board considers such a condition is justified. Drilling 
in the proximity of a coal mine is permitted only after 
the Board and the Director of Mines are satisfied that 
reasonable precautions have been undertaken to protect both 
the mining and the oil or gas operations from foreseeable 


harm. 
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Before a licence for an oil or gas well will be issued 
to an applicant he must have with the Provincial Treasurer 
a minimum cash deposit of $2,500. If he is to be the lic- 
ensee of two or more wells the amount of the deposit must be 
a minimum of $3,500. This deposit is refundable only after 
the wells for which he is licensee have been abandoned to 
the satisfaction of the Board. 

The deposit is required in order to ensure the proper 
maintenance and eventual abandonment of any and all wells 
for which the depositor is owner or licensee and, upon fail- 
ure of an operator, may be used to defray the cost of having 
any such necessary work done by the Board(9)., 

A well licence may be cancelled by the Minister of 
Mines and Minerals for a contravention of the Act, the 
regulations, a Board order or a condition of the licence. 

Licences may also be amended or suspended by the 
Minister upon recommendation of the Board. 

Application for a well licence must be accompanied by 


a fee of $25.00 payable to the Provincial Treasurer. 


Permits to Operate Drilling Equipment 

The Act requires that a party conducting drilling or 
reconditioning operations of a well must hold a permit from 
the Board to operate drilling equipment. These permits are 
issued by the Board for a period of one year and may be can- 
celled by the Board if, in its opinion, a permittee fails 
to comply with the provisions of the Act, regulations, or 
orders thereunder. A permit fee of $25.00 is required. 


9) Section 1260 of the Oil and Gas Conservation Act 


ee 


CHAPTER V 


FIELD INSPECTIONS 


In order to keep in touch with the wide-spread oil and 
gas development in the Province, the Board has established 
nine field areas each containing one office for the personnel 
who carry out the field inspections within that area. Each 
field office is in charge of an engineer who may have a staff 
of from one to six assistants. The make-up of the field 
staff varies with the requirements of each area but the 
normal office is composed of the field engineer, one assis= 
tant engineer, two technicians and a stenographer or clerk. 
The field staff by frequent inspections of drilling rigs, 
wells and production equipment determines if operations are 
being carried out in compliance with the Board's require- 
ments. The inspector will cbserve if operations are being 
carried out in a safe manner; if avoidable waste of reservoir 
energy or produced fluids is occurring at any well; if surface 
damage is being kept at a minimum; and if the equipment and 
installations are such as to allow for proper well testing, 
the measurement of gas, oil and water, and the obtaining of 
samples. He will also check to see if measurements of oil, 
gas and water production are properly made and recorded. 

All well abandonments are inspected to see that the 
well is effectively sealed in and that the land surface has 
been cleaned up and levelled. In addition to inspections, 


the field staff collects and processes a great amount of 
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information on drilling and completion of wells, pressure 
and temperature data, and other pertinent information, which 


is forwarded to the main office in Calgary for further studies. 


Testing of Wells 


Certain basic information is required by the Board on 
all wells drilled in the Province. This information is 
obtained by various tests and the taking of samples during 
the drilling and producing life of the wells. The informa- 
tion thus obtained is utilized by both the Board and industry 
in their study of oil and gas reservoirs. Without this 
storehouse of information both the Board and industry would 
be under a great handicap in any attempt to institute proper 
conservation measures, 

Among other things the Board requires that, 

(a) rock cuttings and cores as specified by the Board 
Geologist be taken on every well drilled; 

(b) electric logs or other suitable logs be run on every 
well drilled; 

(c) tests at 500-foot intervals be run on all wells being 
drilled to determine the amount the hole deviates from 
vertical; 

(d) fluid samples from drill stem test recoveries on wild- 
cat wells be taken and either submitted to the Board 
for analyses or analysed and a copy of the analyses 
submitted to the Board; 


(e) all gas wells be adequately tested by the back pressure 
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method either before or shortly after going on steady 

production, (In the case where a gas producer is 

located in a field in which allowables are determined 
for each well, annual tests are required.) 

Where a group of oil wells are operated as a battery and 
the individual wells are not produced into separate storage 
facilities and the produced fluids are commingled before 
measurement, which is the usual case, each well must be 
separately tested at regular intervals, usually once or twice 
a month, 

For every new oil pool discovery a reservoir pressure is 
measured either by the company or with Board equipment. 
Reservoir pressure surveys are usually continued at least 
annually on important discoveries. The Board maintains its 
own units for the measurement of such pressures, but generally 
confines its measurements to a check basis. 

A representative sample of oil, gas and water, where 
available, is obtained from every oil or gas pool and 
analysed by the Board Chemist. This program is conducted by 
Board personnel to insure standard sampling and analyses. 

Many companies do much more testing and analysing than 
the Board requires, such as running productivity index tests, 
taking and analysing bottom hole samples, running additional 
types of logs, and the like. Copies of all such additional 


information are made available to the Board. 
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CHAPTER VI 


LABORATORY SERVICES 


The Board maintains a chemical laboratory in Edmonton 
for the purpose of analysing samples of oil, gas and water. 

Crude oil samples are analysed by the U.S. Bureau of 
Mines method and the analyses may include the identification 
of fifteen fractions as to their specific gravity, aniline 
point, pour point, viscosity, and refractive index. 

The laboratory has available a Hyd-~Robot Podbielniak- 
low temperature distillation unit and a new Burrel model 
K2 unit using the chromatographic method for the analysis 
of gas samples. An anlysis for helium is also generally 
made on gas samples. 

Water samples are analysed using gravimetric methods 
throughout including special analysis for bromide and iodide. 
Bacterial counts are not run. 

In general, the Board runs very complete and thorough 
analyses on representative samples from the producing zone 
of a designated field, and only minimum analyses for pur- 
poses of identification on samples submitted from wells not 
in a designated field. 

Reports of analyses on oil, gas or water samples from 
a well within a designated field are available to the pub- 
lic immediately, whereas the reports on samples taken from 
wells outside of a designated field are not made public un- 


til one year after the well has been completed or abandoned. 
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A sample laboratory for the processing and preservation 
of drill cuttings is maintained in the Boards Calgary 
office. Companies are required to take cuttings, as spec- 
ified by the Board Geologist, and ship them to this labor- 
atory. When received the samples are machine washed, pack- 
aged and labelled in glass vials. To date, the Board has 
washed and packaged sample cuttings representing about 
fifteen million feet of drilling. These sample cuttings 
may be examined by industry geologists to enable the pre- 
paration of geological maps and cross-sections used to facil- 
itate the search for oil and gas. 

Cores are selectively preserved by the Board when it 
is not the intention of an operator to provide such storage. 
The cores are available to the industry for examination. 

At the present time the Board utilizes about 8,600 
square feet of floor space for core storage and has an addi- 


tional 4,350 square feet available for future use. 


CHAPTER VII 


REGULATION AND DISPOSITION OF OIL PRODUCTION 


The Board regulates the rate of production of all crude 
oil wells in Alberta and seeks to do so on the basis of 
sound engineering and economic practices and with the in- 
tent of preventing waste, conserving oil resources, and 
maintaining equity. 

Waste of oil occurs, in the obvious sense, if it is 
destroyed through burning or evaporation, or is permitted 
to seep into or flow over the land. Waste of this type is 
forbidden by regulations under the Oil and Gas Conservation 
Act, and proper control, containment, and storage of crude 
oil is required at all times. Underground waste occurs 
if recoverable oil is permitted to migrate to another 
formation from which it cannot be recovered. The Board, 
with its powers to regulate drilling, completing and 
abandoning of wells, requires that all fluids in under. 
ground strata be confined to their source horizons. 

The least obvious but most significant form of waste 
occurs when economically recoverable oil is left in an 
underground pool through improper production practices. 
Producing oil in such a manner that portions of the under- 
ground rock are by-passed by encroaching water or gas, and 
squandering reservoir energy through inefficient production 
rates are examples of production practices which cause 


reservoir losses and hence underground waste. The Board 
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seeks to minimize underground waste of this type by setting 
a maximum rate of production for each oil well and each oil 


pool in the Province. 


Maximum Permissible Rates 

It is well recognized in the oil industry that after 
sufficient production experience is gained from an oil pool 
it is possible to establish for the wells in the pool a 
"Maximum Efficient Rate" (MER) of oil production. The MER 
of a well or pool is that maximum rate at which production 
may be taken consistent with sound economics and good reser. 
voir engineering practice. Unfortunately, the necessary 
experience and data to determine this rate properly are not 
available early in the life of a pool and recourse must be 
made to other methods. 

Prior to 1950 maximum producing rates in Alberta were 
established by the Board upon the recommendation of the 
various pool operators, and on a general judgment basis. 
During 1950 the Board adopted the concept of a "Maximum 
Permissible Rate" (MPR) of oil production. The MPR formula 
was developed by the Board to enable it to set allowables 
for wells on an equitable basis and on sound engineering 
grounds early in the life of a pool. Details of the for- 
mula may be found in Appendix E. The MPR of wells in a 
pool is based on the estimated recoverable reserves of the 
pool and takes into account the maximum rate at which the 
average well may be produced without either damage to the 


pool or waste of reservoir energy. 
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The MPR makes provision for variations in size of 
Spacing units, and for variations in the mechanical produc- 
ing efficiency of wells in a pool, penalizing those wells 
and pools where pressure differentials exist or where the 
production of excessive amounts of gas or water with each 
barrel of oil indicates poor utilization of reservoir 
energy. 

With certain minor modifications, the Boardts MPR 
formula has been the basis for establishing maximum rates 
of production for all new oil pools, and many older pools, 
Since its first use in 1950. When there has been sufficient 
production history to fully determine the characteristics 
and recovery mechanism of a reservoir, it is the policy of 
the Board to supplant the MPR with the MER previously re- 
ferred to, which is based on extensive studies of well be- 
haviour and reservoir engineering mechanics. MER*s have 
been established for some seventeen pools in Alberta, rep- 
resenting just over one half of the recoverable reserves of 
the Province. The MPRts and MER*s of all pools are reviewed 


by the Board at least once a year at a public hearing. 


Economic Allowance 

It is recognized by the Board that certain types of 
marginal and sub=marginal wells cannot always be produced 
at that rate which will give the optimum physical recovery 
of oil, since production at such rates may be uneconomic. 


The Board, therefore, has established an economic allow- 
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ance related to drilling and producing costs and scaled to 
depth. This allowance serves as a floor in the MPR calcula- 
tion. A well is permitted to produce its economic allowance, 
subject to production penalties if excessive amounts of gas 
or water are produced along with the oil, even though some 
loss in reservoir efficiency may result. The Boardts econ- 
omic allowance scale has recently been reviewed at a public 
hearing and an amended scale (10) reflecting current costs 


and crude oil prices became effective on January lst, 1958. 


Market Proration 

In 1949 the market demand for Alberta crude oil fell 
below the level of production obtainable under the maximum 
producing rates then established. There followed several 
months during which production from various producing pools 
was prorated to the existing market on the basis of pipe 
line acceptances. Early in 1950, a number of producers re- 
quested that the Board establish an equitable system of pro- 
ration to market demand. A series of public hearings were 
held to consider the Peer eer ine Board, having regard to the 
several systems recommended, established its "Plan for 
Proration to Market Demand" (11), This plan was put into 
effect in December, 1950, and with various modifications, 
has remained in use since that time. 

Each month the Board holds a public hearing at which 
the crude oil purchasers? nominations for their require- 


ments for the succeeding month, are presented. The Board, 


(10) Appendix F. 


(11) Appendix F. 
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on the basis of the nominations and any evidence adduced 
then determines the provincial allowable for the month. The 
provincial allowable is then allocated among the pools and 
wells in the Province; firstly, on the basis of providing an 
economic allowance for each producing well and, secondly, 

on the basis of sharing the residual demand (after provis-= 
ion for the economic allowance) in proportion to the pool 

or well MPRa HEA. 

As a result of public hearings held in May, 1957, on the 
subject of the proration plan, the Board has announced that a 
revised method of proration will become effective in Alberta 
on January Ist, 1960. After providing for an economic allow- 
ance for each well in the Province, the revised plan provides 
for the sharing of the remaining demand on the basis of MPR 
minus the economic allowance. The effect of this revised 
plan is that well allowables will more closely approach con- 


stant percentages of their MPR*s than under the current plan. 


Disposition of Oil 

In the complex flow pattern of crude oil from its source 
beds in the reservoir rock, through the well bore and flow 
lines to the field storage tanks, thence by pipe line net- 
works to processing and refining centres, and finally to 
market as a myriad of products, the Board's basic responsi-~ 
bilities terminate at the field storage point. Here safe 
containment in covered tanks is required, as well as the 
proper measurement of the oil and the filing of reports 


thereon. 
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The Board*s responsibilities in the marketing and dis- 
position of crude are discharged when the monthly purchasers? 
nominations have been translated into the provincial allow- 
able and this allowable has been allocated by Board order 
between and among the pools and wells within the Province. 
On the question of regional market supply, the Board takes 
the position that its monthly proration orders will provide 
sufficient oil to meet the prevailing demand and that it is 
the responsibility of the crude oil producers and purchasers 
to make the necessary arrangements for movement of the crude 
to the various marketing areas, 

Notwithstanding the above restrictions in the Board'’s 
responsibilities related to the disposition of oil, the 
Board and its statistics staff have attempted to keep 
themselves informed on the Canadian supply position, Each 
year the Statistics Department prepare§ for the internal use 
of the Board an Annual Review of the Oil and Gas Industry 
with special reference to Alberta. The Review for 1956 is 
attached as Appendix G It contains some figures and charts 
which may be of interest to the Commission. For example, 
it shows that the Canadian reserves of oil in 1956 were 
some 18 times the Canadian production and 11.6 times the 
Canadian demand for crude oil and products. This compares 
with United States figures of 11.9 times production and 
11.3 times demand. The Board will be glad to furnish 


copies of the 1957 Review as soon as it is prepared. 
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CHAPTER VIII 


REGULATION OF PRODUCTION AND DISPOSITION OF GAS 


Board Policy 


In the case of gas the general policy with respect to 


production and conservation remains unchanged from that 


outlined in a submission by this Board before the Dinning 


Commission in 1949, This policy is summarized for the 


different categories of gas by the following excerpts from 


the submission: 


i. 


Dry Gas 


Complete prevention of production of gas beyond 
the amount which may be effectively utilized or stored - 
i.e. complete elimination of waste. Effective utiliza- 
tion may include use as fuel, as chemical raw material, 
etc. and also use to increase or facilitate the recovery 
of liquid petroleum in adjacent fields. It is the 
Board's policy to prevent the operation of any well in 
a manner which may cause damage to the reservoir 
resulting in a permanent loss of recoverable gas. This 
is satisfied by good engineering practice, by common 
sense operation and by avoiding excessive withdrawal 
rates. 


(1) Wet Gas not Associated in the Reservoir with 
Commercial Quantities of Oil 


The policy with respect to gas of this type is to 


permit production as in the case of dry gas fields but 
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to require the recovery of the economically recoverable 
liquid hydrocarbons before disposition of the gas. 


(2) Wet Gas Associated in the Reservoir with Commer- 
cial Quantities of Oil 


(a) Solution Gas 
(ap The prevention of "excessive wastage" of 
gas. Ideally, the Board would prefer no waste 
of gas but it recognizes 
A. that produced solution gas aids the 


lifting of oil from the reservoir and in 


this sense has undergone some "use"; 

B. that up to a certain volume and/or pres- 
Sure it may be uneconomical to gather 
gas which is unavoidably produced with 
oil, This is usually the case early in 
the life of a field when its productive 
limits and potential productive capacity 
are unknown. 

For these reasons the Board tolerates a 
"reasonable waste" of solution gas when such 
waste accompanies the economic production of 
liquid petroleum but not beyond the point 
where gathering of the gas is reasonably 
economical. 

(ii) For such solution gas as can be econom- 
ically gathered, the policy is to require the 


removal of the economically recoverable liquid 


(b) 


~ 35 = 


hydrocarbons, The value of recoverable liquid 
hydrocarbons is usually a major factor in 
determining the volume and/or pressure at 
which solution gas can be economically gath- 
ered and processed. 
(iii) The solution gas after removal of recov- 
erable liquid hydrocarbons is termed residue 
gas. The policy of the Board is to require 
complete effective use or storage of this gas. 
While effective use includes use as fuel, 
chemical raw material, etc., the Board is 
particularly concerned in seeing that, when 
economical and feasible from an engineering 
viewpoint, part or all of this residue gas be 
employed to increase the ultimate recovery of 
liquid petroleum from the reservoir. 
Gas Cap Gas 

Production of gas of this type need not 
necessarily accompany the production of liquid 
petroleum, The general policy of the Board is: 
(i) to prevent production of gas cap gas for 
market so long as this gas, in the reservoir, 
is economically aiding in the recovery of the 
liquid petroleum underlying 1.6. ¢ 
(ii) to permit production of gas cap gas for 
the removal of liquid hydrocarbons so long as 


the residue gas obtained is returned to the 
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reservoir and so long as the well is not 
operated in a manner which may cause damage 
to the reservoir resulting in a permanent 
loss of either recoverable oil or gas. The 
requirement of returning gas cap reSidue gas 
to the reservoir would be Board policy so long 
as this gas could economically aid in the 
recovery of the underlying liquid petroleum, 
Present practice in Turner Valley is to 
permit production of gas cap gas in accordance 
with the Brown plan and for removal of liquid 
hydrocarbons and effective use of the residue 
gas. This plan, inaugurated several years 
after production from gas cap wells had started, 
represents a compromise between true conserva- 
tion and unrestricted flow from the gas cap. 
Such a compromise is required because most of 
the gas cap wells were drilled and production 
was started before the engineering concepts 
of conservation were well developed. Further- 
more, many of the Turner Valley wells which 
are drilled into the gas cap cannot reach the 
underlying oil which, because of the dip of 
the structure, underlies other leases, In 
such cases the practice of complete conserva-= 


tion is virtually impossible unless the entire 
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field is operated as a unit. The present 
policy of the Board towards gas cap produc= 
tion from Turner Valley or from future similar 
fields is to promote and assist efforts which 
would lead either formally or informally to the 
unit operation of the field and then to follow 


the general "gas cap" policy outlined above. 


(3) Gas Condensate Gas 


The present policy of the Board with respect to 


gas condensate gas is; (an 


(a) 


(b) 


(c) 


. iV’ 


AA 
to prohibit i ay AP TIIERIR p08 of reservoir 


fluid pending detailed analyses of samples of 
the reservoir fluid and determination of the 
engineering and economic importance of main- 
taining reservoir pressure; 

if analyses and study should show no danger 
of retrograde condensation or no serious 
economic loss attending retrograde condensa- 
tion, the policy of the Board would be to 
treat the fields as (1) “wet gas fields not 
associated with liquid petroleum", and to 
permit production for recovery of liquid 
hydrocarbons and effective utilization of the 
residue gas; 

if analyses and study should show danger of 


retrograde condensation and serious economic 
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loss of recoverable liquid hydrocarbons 
attending pressure decline below some critical 
value, the policy of the Board would be to 
permit the production of reservoir fluid for 
recovery of liquid hydrocarbons, but (if feas- 
ible from the engineering and economic view- 
point) to require the reinjection of the 
residue gas into the field for the purpose of 
pressure maintenance, This method of operation 
is often called "cycling" or "recycling" but 

is essentially pressure maintenance. The 
effect of this policy would be, as in the case 
of gas cap gas, to defer the time when the 
residue gas from the gas-condensate fields 


would be available for market, 


Gas Allowables (Non Associated Gas) 

Alberta producers have been advised by the Board that 
gas production allowables would only be set for wells in 
pools or fields where reservoir conditions or equity consider- 
ations made it necessary. The presence of underlying water 
may require restriction in maximum daily rate of production 
to prevent water coning and thus premature abandonment of a 
well. Continued unequal withdrawals from wells on adjoining 


| a/} 3 AR 4 


and loss of reserves by an owner, To minimize these occur- 


tracts the same reserves could result in migration 


rences the Board has designed a Maximum Daily Allowable (Quy) 
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based on the deliverability characteristics of the well and 
an Annual or Daily Average Allowable (MPRg) based on the 
reserves of gas underlying the well's spacing unit. The 
details of the allowable calculations are contained in 
Board circular letters dated September 29th, 1954, May Sist; 
1955 and December 13th, 1956612) , To date, allowables have 
been set in two gas fields = Medicine Hat and Fort Saskat- 
chewan, The data used in calculating allowables for these 
fields are obtained from the operators and other interested 


parties at annually scheduled hearings, 


Gas Allowables (Associated Gas) 


Gas produced unavoidably with oil is restricted by the 
gas-oil ratio penalties governing oil production.. For pools 
having a thin oil column underlying a gas cap and whose wells 
become severely penalized due to high producing gas~oil 
ratios, the Board has designed the Combination "Gas-0il" 
Allowable scheme, This is a scheme whereby, provided all 
produced gas is conserved, an operator may produce one half 
of an economic oil allowance and all gas associated with it. 
Details of the scheme are outlined in Board circular letter 
dated November 2nd, 1955413), Shere are threesor four pools 
producing under this allowable scheme at present and it is 
expected that the scheme will play a large part in the future 
development of some fields for which there presently is no 


gas market, and therefore, cannot qualify for the allowable. 


(12) Appendix H 
(13) Appendix H 
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Gas Conservation 

The conservation of gas produced unavoidably with oil is 
one of the most difficult problems the Board has to contend 
with. The Board realizes that early in the producing life 
of an oil field that a certain amount of gas wastage must be 
tolerated. However, it believes that when a field has been 
reasonably delineated and a reasonably accurate forecast of 
gas production can be made that the gas should be gathered, 
processed and marketed or stored if it can be established 
that this may be done without the producers being "out-of- 
pocket", The definition of "out-of-pocket" is, of course, 

a bone of contention between industry and the Board, 

The Board thinks that gas should be conserved if the 
cost of the project can be repaid over the producing life of 
a field and yield a utility rate of return on the investment 
even though this means that a producer may get nothing for 
the gas. 

There are, of course, many intangibles to be considered, 
particularly in estimating the revenues from a conservation 
project. It is difficult to forecast accurately the annual 
production of gas as this is tied to oil production which 
varies according to market demand and the provincial poten- 
tial production. Future prices for natural gasoline, LPG's - 
the by-products of processing, and residue gas also are 
difficult to gauge. While the market for these products is 


depressed at the present time, the Board believes an 
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optimistic view should be taken on a long term basis. 

With respect to all gas processing plants it is most 
important to consider the matter of the plant operating load 
factor. Plant capital and operating costs are high and it 
is essential to operate the plant at as high a load factor 
as possible to reduce unit operating costs. 

When the Board considers that steps should be taken to 
conserve the gas, it notifies the operators concerned and 
invites them to attend a meeting at which the Board's produc= 
tion forecasts and economic studies and those of the operators 
are thoroughly discussed. The operators may agree to con- 
struct the necessary facilities, but if this is not the case 
and the Board firmly believes the gas should be conserved, 
it issues an order requiring that the gas produced with oil 
be conserved by a certain date and failure to comply means 
the shutting down of wells. 

Any plans for the gathering and processing of gas, 
including the specifications of any processing plant, must 
be approved by the Board under section 38 of the 0il and Gas 
Conservation Act. The Board usually holds a public hearing 
to consider the project. The approval may contain terms 
and conditions with respect to the percentage of produced 
gas to be gathered and processed, percentage recovery of by- 
products required and facilities required for storage or 


other disposal of products. 
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CHAPTER IX 


SECONDARY RECOVERY 


There is no known economic process by which all of the 
oil in porous rock may be recovered, Five groups of factors 
determine the fraction of the initial oil in place which may 
be obtained: 

1 Reservoir rock properties, e.g. porosity, permeability, 
structural position and thickness; 

Zo Reservoir fluid properties, e€.g. viscosity, pressure, 
gas saturation, phase and component distributions 

3. Drive mechanism, e.g. solution gas, gravity drainage, 
water drive; 

4, Method of production = well completion techniques, space= 
ing of wells, rate of withdrawal; 

56 Economics = drilling and completion costs, production 
costs, taxes, price of oil. 

The degree of recovery realized from an oil or gas 
accumulation depends on the extent to which knowledge of these 
factors, and of their interdependence, is intelligently 
utilized, Further, the more accurately the factors compris= 
ing each group are known, the greater is the likelihood that 
optimum methods will be used to obtaim maximum recovery. The 
importance of obtaining accurate data in all phases of oil 
exploration and development cannot be overemphasized, 

As previously mentioned, oil does not, by itself, travel 


to the well bore, Some form of energy is required to move it 
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through the rock, and when the energy available has been 
dissipated, whether efficiently or otherwise, no further oil 
may be produced, In the early days of the oil industry only 
a small fraction of the original oil in place was recovered 
from pools, The reasons for this are important, Lacking an 
agreement or requirement for orderly drilling and production, 
each oil property owner, for his own protection, engaged in 

a race with his neighbor to drill as many wells and produce 
as much oil as possible. Much waste of money and equipment 
occurred through overdrilling and tremendous losses of oil 
resulted, both on the surface as a consequence of over= 
production, and in the reservoir through minimum utilization 
of reservoir energy. Thus the "law of capture" and ignorance 
of the relationship between production rate and ultimate 
recovery fostered the inefficient and often deliberate diss-= 
ipation of natural energy forces in most of the early-developed 
oil pools, 

As the industry matured, it was found that some of these 
energy depleted pools could be revitalized by the introd= 
uction to the formation of gas or water under pressure thereby 
providing an artificial source of energy ea Gh moved additional 
oil to the well bore. The term "secondary recovery" came into 
existence at that time to describe such processes, and 
"primary recovery" was used in reference to that phase of 
production wherein only natural forces were used, With 


further experience, it was found more beneficial to 
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artificially supplement the natural energy forces early in 
the life of a pool, rather than to await the completion of 
the primary recovery phase, Such augmentation of reservoir 
energy, now a well recognized recovery-improving technique 
in the industry, is still often referred to as "secondary 
recovery”, although its original connotation has been lost. 
Other terms = "pressure maintenance”, = "water flood", "gas 
injection", etc, are also used to describe certain forms of 
artificial supplementation of reservoir energy but none of 
them are completely definitive of the various processes used, 
For the purposes of the following comments, the phrase 
“recovery stimulation” will be used, since all the various 
schemes for injection of gases and liquids are predicated on 


improving the recovery of oil and gas from the reservoir rock. 


Recovery Stimulation 


From the préceeding discussion, it will be apparent that 
a sixth group, Methods of Recovery Stimulation, must be added 
to the five groups of factors which determine the amount of 
recovery of oil from a pool, Oil recovery stimulation 1s 
receiving ever increasing study in the industry as its 
benefits of increased reserves and attractive economics become 
well realized, According to a recent survey made in the United 
States by the Interstate Oil Compact Commission, an increase 
in recoverable oil of over four billion barrels can be 
attributed to recovery stimulation processes used in "stripper" 


wells alone, and these stripper well pools represent only about 


~ 
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20 per cent of the total United States reserves, Results of 
recovery stimulation processes show that recoveries may be 
increased to two or three times that expected under primary 
means, and there are producing pools where it is only 
through such stimulation that the recovery of any oil can be 
made economic. It has therefore been a matter of paramount 
importance in the exploitation of Alberta's oil and gas that 
the Oil and Gas Conservation Board should endorse and promote 


recovery stimulation in the Province, 


Methods of Recovery Stimulation 


Most methods of recovery stimulation in oil fields have 
the same basic features the introduction under pressure of a 
fluid, either gaseous or liquid, through one or more drilled 
wells to the oil bearing formation at a point within, or in 
pressure Communication with, the oil saturated portion of 
the formation, The injected fluid moves from its point of 
injection, which has the higher pressure, through the form- 
ation to the areas of lower pressure - the bore holes of 
producing wells. In its passage it flushes ahead of it, and 
also carries along with it, the oil in the rock pores. 
Water is one of the most commonly used injection liquids 
because of its low cost, abundant supply, ease of handling, 
and similarity in flow characteristics to crude oil. 
Another common injection fluid is natural gas since it is 


often available in considerable quantities in association 
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with, or as a by-product of, oil production. Other 

materials such as air, liquefiable petroleum gases and carbon 
dioxide have also been used for injection purposes, either by 
themselves or in conjunction with natural gas or water. 

Laboratory experiments on samples of the porous rock 
from a reservoir give valuable data as to which fluid, or 
combination of fluids, will most efficiently flush the oil 
from the rock pores. These data can then be related to 
information on availability of the fluid, the economics of 
its injection and the structural configuration of the reservoir 
rock, to determine the optimum approach to recovery stimul- 
ation, 

An important feature of recovery stimulation through 
fluid injection is the location in the reservoir at which the 
fluid is injected. Being heavier than oil, water is commonly 
injected into a part of the formation that was originally 
water saturated, usually immediately beneath or in the down- 
structure flanks of the oil pool. Its effect is then to 
supplement an existing water drive and to extend the region 
being swept by water. Also, water is often used in a pattern 
flood, wherein water is injected into the oil zone through 
alternate rows or staggered arrays of wells for the purpose 
of laterally "flooding" the oil in the formation toward the 
producing wells. Such pattern floods are variously termed 
"five-spot", "nine-spot", "line-drive", etc, If gas is the 


injected fluid, it is usually compressed and introduced to 


a we 


the crest of the reservoir structure where it may add to the 
amount and pressure of gas cap already there, or may form a 
"secondary" gas cap if none previously existed. Like water, 
gas is also used in the horizontal displacement of oil in 
pattern injection flood projects. 

Of particular interest at the present time is some of the 
experimental work being carried out in the use of liquefiable 
petroleum gases, such as propane or butane, as injection 
fluids (miscible flood). Laboratory experiements suggest 
that extremely high recoveries may be realized through the 


use of such fluids 


Alberta's Oil and Gas Conservation Act (14) empowers the 
Board to require that schemes for recovery stimulation be put 
into effect in order to prevent waste, and also specifies 
that no such scheme shall be proceeded with unless the Board 
has approved it. Where it can be demonstrated that addition- 
al recovery of oil can be attributed to the scheme, the 
MPR's or MER's of the producing wells would be increased 
accordingly to reflect the improvement in recovery. Within 
this policy the operators of wells in a pool under flood may 
look forward to increased allowables and improved income to 
defray the very considerable capital outlay which is often 


necessary to put a recovery stimulation plan into effect. 


14) Appendix Al = see Section 37 and 38 
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Where reservoir engineering studies made by the Board's staff 


Suggest that a scheme of recovery stimulation in a pool would 
increase the economically recoverable oil or prevent waste, 
the Board has held informal discussions on the matter with 
the pool operators and in most cases this has resulted in 

a voluntary scheme being put into effect. Where necessary 
the Board, after public hearing, has ordered that a suitable 


scheme be initiated, 


Recovery Stimulation in Alberta 


There are a wide variety of full scale recovery stimul- 
ation schemes presently under way in Alberta including gas 
and water injection of various types. In addition, several 
other schemes have been approved by the Board and are in 
various stages of preparation. Two experimental schemes 
using liquefiable petroleum gases and solution gas have been 
commenced in the Pembina Cardium pool, and one small scale 
experimental water flood has been in effect for some years 
in the Turner Valley Field, with good results. At the end 
of 1957 the recoverable reserves attributed to seven gas and 
four water injection schemes increased from about five 
hundred million barrels to seven hundred million barrels, an 
increase of some two hundred million barrels or 65 per cent 
of the net recoverable reserves of the Province at that time, 
It is expected that this figure may be doubled in the next 
two or three years as additional projects prove their 


efficiency. 


Finally, it should be pointed out that there are several 
dozen projects in operation throughout the Province where 
the water and excess gas that is produced with oil is being 
returned to the pool from which it is produced, While such 
schemes are not thought of as recovery stimulation projects 
but rather as gas conservation or water disposal schemes, 


they are in fact beneficial to a small degree. 


CHAPTER X 


POOLING AND UNIT OPERATIONS 


"Pooling" as used here and in the Oil and Gas Conserva- 
tion Act means the combining of tracts that are within a 
Spacing unit and that are subject to different ownership so 
that they may be operated as a unit to permit drilling and 
production within the spacing unit. "Unit operation" as 
defined in the Act means the operation in accordance with a 
scheme or plan for combining the interests of all owners in 
a common source of supply of oil or gas in any field, pool or 
part thereof so that the operation may be conducted as if 
there were only one operator and one tract, and the cost of 
the operation and the oil or gas produced thereby are distri- 
buted among the owners or tracts according to a formula ora 
schedule of participation. Thus, the differences between 
the two are that pooling is on a spacing unit basis and unit 
operation is on a pool-wide basis and that their objects may 
be different. Each, however, has the effect of a union for 
certain purposes of interests in property and each has the 
effect of modifying leases so that wells required to be 
drilled may be drilled upon adjacent property within the 
unit and so that the production used as a basis for royalty 
payment is altered. 

In Alberta, as in most jurisdictions, the operator must 
have the right to produce oil or gas from all of the Spacing 


unit before he can drill or operate an oil or gas well. Most 


oil and gas leases now contain a clause entitling the lessee 
to pool the oil and gas rights covered by the lease with 
others to make up the spacing unit. Sections 73 and 74 of 
the 0il and Gas Conservation Act, however, have provisions 
for compulsory pooling, which are necessary in cases where a 
lease does not contain a pooling provision or where the 
lessees or one of them does not agree to the pooling. (An 
alternative in some cases is an order making a special Spac- 
ing unit that would comprise only part of the normal spacing 
unit.) An order providing for compulsory pooling would not 
alter the ownership of either the lessors or the lessees in 
tracts, but would combine their interests for the purpose of 
drilling and production and provide for apportionment of the 
costs and expenses and the allocation of production to various 
tracts. Normally, the apportionment and allocation within a 
Spacing unit are on a simple acreage basis. An order of the 
Board providing for compulsory pooling requires the approval 
of the Lieutenant Governor in Council. 

A unit operation combines the interests of all the 
owners, both lessors and lessees, within the unit area. The 
object is to make possible some recognized and approved 
conservation procedure such as secondary recovery, under- 
ground storage or a more economical program of development 
of the field. While unit operation is generally accepted as 
desirable in a proper case, it met considerable opposition 


in earlier years with the principal objection being that it 
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tended to eliminate the smaller operators from field opera- 


tions. 

Under section 72 of the Oil and Gas Conservation Act an 
agreement among owners for a unit operation requires the 
approval of the Board before,it is put into effect. -In,addi- 
tion, sections 75 to 82 contain provisions that may be put 
into effect upon proclamation of the Lieutenant Governor in 
Council and that would empower the Board, with the approval 
of the Lieutenant Governor in Council, to order, on a compul- 
sory basis, a unit operation. 

While most of the advantages of the unit to the operators 
are obvious, it is sometime necessary to work for years be- 
fore a unit operation agreement can be concluded and quite 
often such an agreement is never concluded. The difficulties 
as far as operators are concerned often centre on the basis 
of participation in the production. The same ditficnltyiivs 
in the way of the agreement of royalty owners and in that 
case there is also the reluctance to accede to variation in 
the leases which might prejudice them. If a compulsory unit 
operation order were made, its provisions would name the 
unit, define area prescribed, provide that the ownership of 
the various tracts is unaltered, combine the interests for 
the purpose of unit operation, provide for allocation of 
production, provide for an operating committee and the 
naming of a unit operator, provide for adjustment for invest- 


ment in existing wells and installations and the share of 


e 
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unit expenses, and contain various other provisions covering 
related matters as plan of operation, the right of various 
owners to information, audits, title information and disputes, 
Crete 

The Act stipulates that a compulsory unit operation order 
Shall not come into effect until it has the consent of the 
owners of the drilling and producing rights in 75 per cent of 
the unit area and the consent of the owners of the head 


lessor’s royalty interests in 75 per cent of the unit area. 
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CHAPTER XI 


GAS AND BY-PRODUCT UTILIZATION 


Section 45 of the 0i1 and Gas Conservation Act provides 
that "no gas produced in the Province shall be used or con- 
sumed in the Province for any purpose other than for gas 
lift, repressuring, recycling, pressure maintenance, or for 
light or as fuel, until a permit authorizing its use or con- 
sumption for another purpose is granted by the Board", 

The purpose of this section is to prevent the ineffic- 
ient or improvident use of gas including liquid hydrocarbons 
and also to guard against public nuisance (e.g. a carbon 
black plant using the inefficient channel process blankets 
the surrounding country with black soot). 

The manufacture of carbon black is one of the uses which 
requires a permit. Until recently, the chief source of raw 
material for the manufacture of carbon black was natural gas. 
Since the cost of raw material with respect to capital and 
labour costs is relatively high, the industry was dependent 
on cheap natural gas supplies which, due to location or other 
circumstances, could not be used for other purposes. The 
Board has been prepared to give favourable consideration to 
an application to construct a carbon black plant in Alberta 
provided that an efficient process was employed. A few 
companies investigated the possibility of establishing a 
carbon black plant in Alberta in the earlier part of the 


decade but rising prices of natural gas and technological 
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changes in the rubber industry have detracted from the use of 
gas for this purpose. The advances made in the use of carbon 
black manufactured from oil have permitted the establishment 
of such plants close to markets and further reduced the ec- 
onomic feasibility of establishment of a plant in Alberta. 
An oil black plant now is in operation in Sarnia, Ontario. 

Natural gas and its by-products currently are being 
used as chemical raw materials in five large plants in the 
Province. Two of these produce ammonia based fertilizers as 
primary products while a third produces ammonium sulphate 
as a by=product. The versatile plastic polyethylene is 
produced in the fourth plant and cellulose acetate fibre 
and organic chemicals are produced in the fifth. 

The large and increasing reserves of wet gas in 
Alberta assure the Province of an abundant supply of both 
the liquefiable petroleum gases (ethane, propane, butanes, 
etc.) and sulphur as raw materials for the petrochemical 
industry. Extensive growth in the manufacture of high 
unit-value petrochemical products such as polyethylene, is 
anticipated. The distance from Alberta to large consuming 
markets and the high freight rates, however, seriously 
militate against the economic production of low unit-value 
or bulk products. The plans of Polymer Corporation to manu-= 
facture butadiene from butane in a plant to be located near 
Red Deer are indicative of the future. Other such "raw- 
material oriented" industries producing plastics and tex- 


tile and other intermediates will undoubtedly be attracted 


—— 
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by Albertats plentiful and low cost fuel and raw materials. 

Propane is widely used as a fuel in rural homes and 
communities in Western Canada. A more recent use for both 
propane and butanes has been as injected fluids in oilfield 
pressure maintenance operations. Natural gasoline is used 
as a blending stock in refinery operations. A large ob- 
stacle in the path of orderly marketing of propane and bu- 
tanes is the three to one winter to summer ratio of fuel 
requirements of the market area served and the higher rate 
of summer over winter production. Due to the extremely 
high cost of surface storage facilities for these products 
(approximately $1.00 per gallon) it is necessary to reinject 
them into a producing formation or to flare them. The 
development of suitable underground storage, where products 
stored in the summer months could be withdrawn and used with. 
out further processing to meet increased winter demands, 
would greatly aid Alberta LPG marketing. 

Natural gas has been marketed in Alberta since the turn 
of the century and sales have increased steadily as our 
cities and towns have grown in size and as more and more 
communities have been served. While a large amount of 
industry has developed in the last decade, a substantial 
portion of the total Alberta requirements for natural gas 
is for domestic and commercial consumption. Due to the 
severity of Alberta winters, the ratioi of winter to summer 
heating requirements is high, resulting in an unusually 


low load factor market. The overall Alberta load factor 
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for last year was estimated to be 45 per cent. In line with 
good conservation practice, the local utility companies have 
endeavoured to give priority in the market to oilfield gas to 
prevent flaring or reinjection. In some cases this has re- 
quired the complete closing in of dry gas fields in the 
summer months. 

The Board has taken a particular interest in the supply 
of natural gas to small communities within the Province. Its 
staff has made many detailed studies of the engineering and 
economic feasibility of providing gas service to towns and 
villages from the nearest gas wells or gas transmission lines. 
In some cases it has been possible to show that gas could be 
supplied in competition with alternative fuels and to assist 
the communities in arranging for gas service. In other in. 
stances it has been demonstrated that the cost of gas would 
not make it attractive to the potential consumer when compared 
in cost with coal, oil or propane. It has been suggested in 
these cases that the communities would do better to wait on 
the chance that further drilling or the construction of addi- 
tional gas transmission lines would provide gas at a lower 
cost. <A waiting period already has benefited some communities. 

The Board also offers advice on the technical and econ- 
omic aspects of gas supply to the Board of Public Utility 
Commissioners when that Board considers gas franchise app- 
lications. 

Some markets outside the Province now are being served 
with gas released under the provisions of the Gas Resources 


Preservation Act. Generally the gas used to serve extra- 


- 58 = 


provincial requirements will be produced at relatively high 
load factors due to the nature of the markets being served. 
The matter of gas "export" is discussed more fully in the 


next chapter. 


CHAPTER XII 


REMOVAL OF GAS FROM PROVINCE 


Gas produced in the Province may be removed from the 
Province only if the Board has issued a permit authorizing 
its removal under the Gas Resources Preservation Act, 1956(15) 
The intent, purpose and object of the Act, as expressed in 
section 3, is "to effect the preservation and conservation of 
the oil and gas resources of the Province and to provide for 
their effective utilization having regard to the present and 
future needs of persons within the Province", 

Any person who produces, acquires or has contracted for 
gas and intends to remove it from the Province may apply for 
a permit, Upon receipt of the application and such information 
as it requires, the Board notifies the applicant of the time 
and place of hearing and its requirements for giving notice 
of the hearing. 

After the hearing, the Board may, with the approval of 
the Lieutenant Governor in Council, grant a permit subject 
to prescribed terms and conditions, refuse the permit or 
defer consideration of the application. The Act prohibits 
the granting of a permit unless the Board is of the opinion 
that it is in the public interest to do so, having regard to 


the present and future needs of persons in the Province and 
eon, a ee ee 


to the established gas reserves and trends in growth and 


discovery of reserves in the Province, 


(15) Statutes of Alberta, 1956, c.19; Appendix B 
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The terms and conditions of a permit may stipulate, inter 
alia, the period of the permit, the sources of gas, the 
quantities and rates of removal, conditions under which 
removal may be diverted, reduced or interrupted and the 
requirement to supply communities or customers within the 
Province under reasonable conditions, The Board may, upon a 
hearing, reconsider a permit and make such order thereupon as 
the Lieutenant Governor in Council approves. Unless the 
permittee has applied for the reconsideration he is entitled 
to sixty days! notice of such hearing. 

The Act empowers the Lieutenant Governor in Council to 
make regulations to facilitate the adminstration of the Act 
and to place special hydrocarbons (LPG's or bottled gas) under 
regulations instead of the provisions of the Act. Only the 
latter power has been pee vedd + l°) 

The first public hearing held by the Board under the 


provisions of the act (17) 


commenced in November, 1949. 
Individual and joint hearings of six separate applications by 
different companies for the removal of gas from the Province 
culminated in the Board recommendation to the Lieutenant 
Governor in Council in March, 1952 that one of the applicants 
Westcoast Transmission Company Limited, be permitted to 
export gas under certain terms and conditions. The details 
of the Boardis recommendations are shown in the Report to 
(16) Alberta Regulations 6/57; Appendix B2 

(17) The Gas Resources Preservation Act, S.A. 1949 


(2nd Session) c.2, in substitution for which present 
Act was enacted 
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the Lieutenant Governor in Council dated March 29th, 1952, 
Additional hearings have been held since that date and 
have resulted in the Board's recommendations that other 
companies be permitted to remove gas from the Province, 

In all, five Reports e, to the Lieutenant Governor in 


Council have been made by the Board. The following is a 


Summary of the existing permits granted by the Board to 


dates 
Total 
Maximum Maximum Authorized 
Daily Annual Withdrawal 

Permittee MMCFD BCF BCF 
Peace River Transmission 

Company Limited 6 0.6 13 
Peace River Transmission 

Company Limited 7 1.0 20 
Westcoast Transmission 

Company Limited and 

Westcoast Transmission 

Company (Alberta)Limited 190 56 1080 
Canadian Montana Pipeline 

Company 100 20 - & 
Saskatchewan Power 

Corporation 83 18 223 
Trans Canada Pipe Lines 

Limited 620 210 4350 
Total 1006 30.55, 6 5959 


& All the gas from Black Butte, Comrey, Manyberries, 
Pendant d'Oreille and Smith Coulee fields. Reserves in 
these fields are presently estimated at 273 billion 
cubic feet. : 


(18) Appendix L 


; aN a : i ia a 


ber a 2. bo reb aieae gh conte oR ae 
ib — 2 gent oontea bled toed evan auntased | bi 
x i: | bee ano isabnommdoes gi brso8 +02 at becinea py 
; sah Loft mori 2hg, e¥omex oF br avinxeg od es inermog 
ak teers Fhanoivekd ods oF 82) erroysd owth , Pinar 
L ie int  getwe £f01 oi? .bago@ af? yd shan wasd sved Phowogd 


Puy 


8 bao ond qs betoary AFtrreq gniteixns oat To ern weNE 
| soteb 
fava Pe aomkasl 
Isuonk vies . 
notgztmanan? asvisi so2n08 
Bn a botimis  abamev 
noOtketmeasiT weviasoest a 
Ae | y botiail ysaqued 
NoieerhensaaT teeagreo¥ 
bos batiaid yosgmed 
nolzeivieserT tesopr 2ew 
a8 oer bsdumit(siisd ls) yYneqadd 
eptiegii sraeteaot reitews? 
os oof yreqaod 
16WOTd aswel TeHese 
af £6 noiti10q 700 
| | anid oq tt #Bnneo seri 
ors oss bey tae. 


O20 Bs Eos | have ee af shi * i arr 


Bib aes ey ote so kroG dine bus 0 LtisnOth oe ; 
oan ; 
q in moLteid ere as dears sailed 218 aan 


At the public hearings the Board currently requires the 


applicant to present in support of the application exhibits 


and verbal testimony with respect to all phases of the 


proposed projects, including the following: 


Ib 


Evidence that at least 80 per cent of the gas proposed to 

be removed is under contract to the applicant and 

particulars of each of the gas purchase contracts; 

The location and description of the pools, fields or 

areas within the Province from which it is proposed to 

remove gas; 

The estimated reserves of gas in each such pool, field 

or area and the geological, engineering and other data 

used in the estimation; 

The deliverability characteristics of the wells in each 

such pool, field or area and the geological, engineering 

and other data used in their determination; 

A detailed deliverability schedule showing how it is 

planned to produce the quantities of gas proposed to be 

removed from the Province during the full period of the 

removal from each pool, field or areas; 

Evidence that the proposed removal of gas is in the public 

interest, having regard to 

(1) the present and future needs of persons within the 
Province, and 

(2) the estimated reserves and ue of discovery and 


growth of reserves of gas in the Provinces; 
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ie The route and design details and capital and operating 
costs of the pipe line facilities required to implement 
the eas removal; 

8. gla with respect to the marketing areas to be served 
beyond the Province and the amounts of gas to be used for 
domestic, commercial and industrial purposes; 

9. Particulars of the contract between the applicant and the 
purchasers of the gas to be removed from the Province 
through facilities of the applicants; 

10. Particulars of the method of financing the proposed 
facilities. 

At the conclusion of a hearing, the Board reviews the 
evidence submitted and also the work of its own staff with 
respect to the reserves of gas, the present and future needs 
of persons in the Province and methods of supplying the 
requirements, 

The Board in its Interim Report in 1951 made the follow- 
ing recommendation concerning the protection of the present 
and future needs of the people of the Provinces 

r “In view of the most favourable prospects of the 

Province for the discovery of additional extensive 

gas reserves and in view of the possibility of the 

development of alternative forms of fuel and energy, 

the Board believes that the Province will be 

adequately protected if sufficient reserves of pipe 


line gas are provided to maintain the supply and 
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deliverability for thirty years," 
The Alberta Government concurred in the Report. Since that 
time the thirty year requirement has been adhered to. 

The problem of supplying requirements requires deliver- 
ability studies = the selection of various pools and areas 
whose gas reserves may be produced economically to meet the 
requirements of a market at the time and in the quantities 
required by the market. There may be considerable variation 
between average day requirements and peak day requirements in 
a market = in Alberta the average consumption is approximately 
45 per cent of the peak day. In preparing illustrative 
deliverability schedules, it must be shown how both annual and 
peak day requirements may be met, 

The matter of selecting the reserves that can best meet 
the requirements of any substantial market is a complex one 
involving the preparation of many alternative schedules, each 
based on a great deal of detailed study am calculations. 
Consideration must be given to proximity of the reserves to 
the market or a main transmission line, the size of the 
reserve, its reservoir characteristic and its ability to 
produce in accordance with sound conservation practice, 

The nature of the gas itself, whether it be dry gas or 
wet gas either associated with or non-associated with oil, is 
important in determining deliverability, It is the Board's 
policy to give, where practical, first market priority to 


gas produced unavoidably with oil and second priority to 
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processed wet gas produced from wet gas and condensate fields, 
Gas processing plants are costly, and in order to operate 
economically must have a throughput load factor of not less 
than 70 to 80 per cent. With a large proportion of our 
reserves being wet gas, the ideal way to meet requirements 
would be to use wet gas for basic requirements and dry gas for 
peak loads, 

In scheduling fields in a deliverability schedule, the 
Board follows a policy of assigning to each utility system 
the reserves of gas which are most suited to that system 
having in mind distance from existing facilities and the type 
andvdéeliverability characteristics: ‘of each reserve, | ([n this 
manner jit should be possible to reflect the" lowest ‘cost of 
gas to local consumers, 

It is only after trying, by trial and error method, 
various combinations of the different types of reserves that 
a final deliverability schedule can be compiled indicating 
how the requirements of the Province can most efficiently be 
met and how any surplus reserves can be used to meet the 
requirements of an applicant for "export". Of course this 
final schedule can only be illustrative and would be subject 
to change with the development of additional reserves and 
changing markets. 

After reviewing the evidence adduced at the hearing of 
an application and the comparative studies of its staff, the 


Board submits a report to the Lieutenant Governor in Council 
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fully outlining the matters considered, its conclusions 
and the disposition it proposes to make of the application. 
As an illustration of the analyses included by the Board 
in its report to the Lieutenant Governor in Council reference 
is made to the report (19) dated November 24th, 1953. Appendix 
A of the report enlarges upon the findings of the Board 
concerning the current gas reserves of the Province and 
tabulates the reserves of the more important fields, In 
Appendix B is found a study supported by graphs showing the 
trends in exploration and the growth of natural gas reserves 
in Alberta, Appendix C details the method used by the Board 
in estimating the long term requirements of the Province for 
annual and peak day volumes of gas. Methods of meeting 
Alberta's requirements are discussed in Appendix )D. The 
deliverability characteristics of the fields were estimated 
from all available test data, Using the deliverability 
reserves relationships as shown graphically in the appendix, 
illustrated deliverability schedules were compiled. Table p39), 
for example, shows one method in which the requirements of 
the Canadian Western Natural Gas Company Limited system 
could be met for the years 1953 to 1982 inclusive. In 
this manner the Board was able to determine which reserves 
were required for Alberta use and those which were surplus 


to provincial requirements. 


(19) In Appendix L 


In a similar manner deliverability schedules were 
developed to show how the requirements of the applicant 
could or could not be completely met from the remaining 
available reserves in the Province, This served as a basis 
for the Board's recommendation and is illustrated in Appendix 


F of the report. 
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CHAPTER XIII 


TRANSPORTATION 


Pipe lines that are subject to provincial jurisdiction 
are governed by the Pipe Line Act(20), Broadly, this Act 
provides for 

(1) the granting, upon application to the Minister 

of Mines and Minerals, of a permit for the 
construction of a pipe line; 

(2) the acquisition by the permittee of such 

lands or interests therein as are necessary 
for the pipe line, under provisions administered 
by the Board of Public Utility Commissioners; 

(3) a declaratory order of the Board of Public 

Utility Commissioners permitting the opera. 
tion of the pipe line; and 

(4) the authority of the Lieutenant Governor in 

Council to make regulations regarding pipe 
lines. (The regulations are administered by 
the Department of Mines and Minerals.) 
A variety of provisions cover related matters, such as 
alteration and extensions of pipe lines or their routes, 
exemption from some provisions of the Act of gathering 
lines and service lines, penalties, etc. 
For most purposes oillines and gas lines are dealt 


with in the Act on the same basis. However, the Act pro- 
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vides for a closer examination of an application for a 
permit for the construction in the case of a gas line, and 
the consideration in such a case of the financial responsi. 
bility of the applicant, any public interest that may be 
affected by the outcome of the application, and the needs 
and general good of the residents of the Province as a 
whole. 

The function of the Oil and Gas Conservation Board 
under this Act is to advise the Minister on an application 
for a permit for the construction of the line. The Board 
receives a copy of the application and submissions in 
Support of it, and may require further information of the 
applicant. The Board after consideration of the applica 
tion notifies the Minister, in the case of a gas line, of 
its approval or disapproval and of any changes in the plan 
or details it deems expedient, and in the case of an oil 
line, of any objection it may have. 

In the case of an application for an oil line permit, 
the Board's examination of the application and its report 
to the Minister are made from a technical point of view only. 

Where an application for a gas line permit is received, 
the Board may, or may not, hold a public hearing with res- 
pect to it. It is the Boardts practice to hold a hearing 
when applications may be in conflict, when there appear to 


be reasons why the applicant's plans may conflict with in- 


| 


\| terests of other persons or when it appears desirable to 
\ 


Warten the opportunity to make representations concerning 

| 

\ u 

‘the project, as in case of complexity or involving intangi- 
| 

\ble factors. 
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Before a hearing, the Board requires the applicant to 
submit certain information which he will be expected to 
Support at the hearing. This may include 

(1) data respecting the geology and reserves 
of the field or area from which the line 
will take delivery; 

(2) a production forecast showing a reasonable 
projection of yearly production rates and 
the derivation of the allocation factors 
on which the forecast is based; 

(3) evidence of the suitability and accepta- 
bility of the gas to the proposed market; 

(4) route maps and Pe thai the terrain 
to be traversed; 

(5) design material showing specifications, ade- 
quacy for foreseeable throughput, flexibility 
for increased throughput, economics of com 
pressor horsepower related to line diameter, 
flow formula and characteristics of the 
fluids 

(6) particulars regarding capital investment, 
operating and other expense items, suggested 
rates and methods of financing. 

The Board's concern in dealing with an application for 

a gas line permit is that the project be sound from an ec. 
onomic and engineering point of view considering the reserves, 
deliverability, design and markets, and that it is in the 


public interest. 
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A submission to your Commission dealing with other 
phases of the administration of the Pipe Line Act has been 
made by the Department of Mines and Minerals. 

Some provisions of the Oil and Gas Conservation Act (21) 
also may affect a pipe line operation. Section 42 of that 
Act empowers the Board, with the approval of the Lieutenant 
Governor in Council, to declare the proprietor of a pipe 
line to be a common carrier. Under section 43, the Board, 
with the approval of the Lieutenant Governor in Council, 
may declare a person who purchases, produces or otherwise 
acquires oil or gas in a pool to be a common purchaser of 
oil or gas from the pool or pools designated by the Board. 

he Board, under section 46, may, after a hearing, order the 
owner or operator of a well, gas pipe line or processing 
plant to process, gather, deliver, buy or sell gas and con- 
struct the necessary facilities. An order under section 
46 is subject to appeal to the Appellate Division of the 
Supreme Court of Alberta. In the event that agreement can- 
not be reached as to price to be paid for gas upon a pur- 
chase or sale ordered under section 46 or the charges to be 
paid for processing the gas, the Board of Public Utility 
Commissioners, on the application of any person interested, 


may determine the price or charges. 


(21) Appendix Al 


CHAPTER XIV 


RESERVES OF OIL AND GAS AND TRENDS IN GROWTH OF RESERVES 


There are two fundamentally different, but not completely 
independent methods for estimating the recoverable reserves 
of oil or gas in an underground reservoir. These are the 
volumetric and the material~balance methods. The volum- 
etric method involves 

(a) the estimation of the gross volume of the 
hydrocarbon containing reservoir through the 
determination of its areal extent and thickness, 

{b) the calculation of the oil or 
the reservoir through a knowledge of the rock 
porosity and the relative saturations of oil, 

gas or water, 

{c) the estimation of the fraction of the oil or 
gas in the reservoir which may be recovered, 

(d) the correction of the recoverable oil or gas 
volume to atmospheric or standard conditions 
of pressure and temperature, and 

(e) ain the case of gas, the deduction of appropriate 
processing and operating losses to give the 
"marketable® figure. 

The material-balance method is an application of the 

law of conservation of mass to the fluids originally con- 
tained in the reservoir. It may be employed successfully 


only to reservoirs from which a significant amount of 


i 


measured production has been obtained and for which extensive 
pressure history is available. In many cases the calculation 
is mathematically quite complex, in others and especially in 
certain gas reservoirs, it may reduce to a simple graphical 


procedure involving a "pressure-decline"™ curve for the pool. 


Estimation of Reservoir Volumes 
0 ee ee Ree oh a eee verter 


The productive area of a reservoir is determined by 
geological studies, consisting of the correlation of logs, 
the identification of fluid interfaces and the preparation 
of structural contour maps. In some instances, access to 
seismic maps facilitates the construction of the structural 
contour maps. For a single well reserve, it is impossible to 
delineate the productive area accurately and judgment must be 
used. 

The productive thicknesses and average porosities at 
wells within a reserve area are determined from both core 
analyses and logs, considered along with drill stem test 
and production data. Wherever possible, isopachous (equal- 
thickness) maps are prepared. The limiting isopach is 
drawn at the estimated areal limit of the reservoir. The 
interior isopachs are controlled by the productive thick. 
nesses calculated for each well. The volume of the hydro- 
carbon containing reservoir rock is calculated from the 


isopachous map. 


= 
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Reservoir Engineering Factors 


Many factors related to the properties of the reservoir 
and its fluids and the reservoir pressure and temperature are 
important to the reserve estimate. The reservoir properties 
of porosity and fluid saturations are determined by inter- 
pretation of logs and by laboratory analysis of cores taken 
during the drilling of wells. The properties of the fluids 
including gas solubility in oil, oil gravity and compressi- 
bility, gas gravity and compressibility, and others are ob- 
tained by laboratory analysis of carefully collected fluid 
samples. 

More difficult than any of the other factors to deter- 
mine is the recovery factor. This must be estimated from a 
knowledge of the reservoir conditions, and in the case of oil 
especially, is extremely sensitive to the reservoir drive. 
Theoretical analyses, laboratory tests and the performance 
of similar reservoirs all aid in judging the recovery that 


may be expected. 


Classification of Reserves 


When an estimate is made by the volumetric method, the 
areal extent and often other factors must be determined with 
the aid of judgment. A rather common practice is to separ- 
ate an estimate into two parts — the proven reserve and the 


al | 


probable reserve. The term proven generally is used with 
er 


reference to that part of an area or reserve closely de- 


fined by productive wells and geological interpretation. 
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The area or reserve lying beyond this, less well defined but 
considered likely to contain oil or gas, is called probable. 
Every estimator has his own ideas on where to draw the diffi- 
cult line between proven and probable. 

A reserve determined by the material balance method 
usually is considered proven because it represents the 
quantity of oil or gas necessary to explain the pressure- 
production history of the reservoir. 

The Board has adopted certain rather definite policies 
for its own use. For one well pools the Board usually 
assigns as proven, 500 to 1,100 acres to a gas reserve and 
one spacing unit, to an oil reserve. The Board also has 
accepted the principles and classifications used by the 
American Petroleum Institute and the Canadian Petroleum 
Association as they apply to oil reserves. The important 
points may be summarized as follows: 


di . . 
The reserve estimates for oil are made annually and 


/ 


refer solely to proven reserves and include only oil and 
condensate recoverable under existing economics and operat- 
ing conditions. The proven reserves include both drilled 
and undrilled reserves. The proven drilled reserves, in 
any pool, include the oil estimated to be recoverable by 


the production systems now in operation and from the area 


actually drilled on the spacing pattern in effect in that 
pool. The proven undrilled reserves are those under un- 
drilled spacing units which are so close and so related to 

| the drilled units that there is every reasonable probability 


\that they will produce when drilled. 


SS 


at 
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A) 
the estimates do not include 

(a) oil under the unproven portions of developed fields; 

(b) oil in untested prospects; 

(c) oil that may be present in unknown prospects in 
regions believed to be generally favourable; 

(d) oil that may become available by "secondary 
recovery" fluid injection methods from fields 
where such methods have not yet been applied 
and proven; 

(e) oil that may become available from oil sands, 
oil shale, coal or other substitute sources. 

In the case of new discoveries made during the year, 
the estimates of proven reserves in many cases necessarily 
represent only a fraction of the reserves which may ulti- 
mately be assigned to the new discoveries. 

Reserves of condensate, recovered from the separators 
of gas and condensate wells, are included with those of oil 
but under separate classification. Condensate reserves are 
determined using the condensate to natural gas ratio 

MCI VE GAKL 
applied to the estimate hy eee gas “it-_pleee. The 
condensate to natural gas ratio is obtained from produc- 
tion tests on wells in the pool. 

In the case of gas reserves the Board has found it 


ees 
convenient to define what it calls “*established™ reserves. 


These are the proven reserves plus a judgment portion of the 


probable reserves giving a total which may reasonably be 
—. ee 


depended upon. The portion of the probable figure may vary 
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from a small to fifty or more per cent depending upon circum. 
stances. The Board believes its "established" gas reserve 
farce to be consistent as between pools and to be safe and 


conservative figures although not in all cases wholly proven. 


Reserves of Oil and Condensate 

A review of the growth in reserves of Alberta oil and 
condensate indicates that as of December 3lst, 1957, the 
Province has net proven reserves of some 3.1 billion barrels. 


The distribution of the remaining recoverable reserves of oil 


and condensate by broad gravity ranges as of December 3lst, 


195750 is® asi follows: 


Type Millions of Barrels 
Light and Medium Oils Pa | 
Heavy Oil 34 
Condensate » 185 
Total 3,112 


The above figures represent the total of the estimates 
for all the individual pools in the Province. Each estimate 
is based on all available data on reservoir and production 
characteristics and refers to proven economically recover- 


able reserves. 


With the addition of an estimated cumulative production 
of 812 million barrels, the total virgin reserves discovered 
to date amount to some 3.9 billion barrels. The increase in 
virgin recoverable reserves during 1957 was approximately 


283 million barrels of which some 66 million barrels is 
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attributable to newly discovered pools. The net increase in 
recoverable reserves during 1957 is in excess of 146 million 
barrels. 

Potential Production and Actual Production of Oil and 
Condensate 


The maximum efficient rate of oil production for the 
oc ae eT = 


Province based on a sound engineering appraisal of individual 
pools averaged some 756,000 barrels per day in 1957. This is 
an increase of 76,000 barels over the efficient rate for the 

previous year. The present production potential is estimated 


to be (Be, OOdsbanne taiiper ueys) When related to the actual 
1957 production of 376,000 barrels per day, the average 


annual production potential exceeded production by some 
380,000 barrels. The unproduced proportion of the production 
potential of the Province has increased from 30 per cent in 
1954 to 50 per cent in 1957. 

The details of pe Ae in the growth of the potential 
production and the actual production for the Province are 


contained in Appendix M. 


Trends in Growth of Oil Reserves 

When related to the 438 wildcat wells drilled in 1957 
the 283 million barrels increase in virgin recoverable reserve 
of oil and condensate for the year indicates an average dis- 
covery rate of 646,000 barrels for each wildcat drilled. This 


le, be had” weed 
may be compared to a discovery rate of 1,581,000 barrels,in 


A 
1956. The 4,045 wildcats drilled to date when related to 
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the year-end cumulative virgin recoverable reserves indicate 

a alie 
an average soaps ety OL some 970,000 barrels for each wildcat 
drilled. It is expected that on the average the discovery 
rate will remain near the present figure for some years and 
then will decline as the remaining undiscovered reserves 
decrease. Coupledwith estimates of the rate of drilling 
and the ultimate total wildcat wells these figures lead to 
an estimated ultimate oil reserve of some 15 billion barrels. 
This figure is on a virgin basis, i.e. includes all production. 
It is conservative in that it makes little allowance for in- 


creases in recovery which undoubtedly will accompany growth 


in "secondary recovery" methods. 


Reserves of Gas 


The Board has made several comprehensive studies of the 
gas reserves of the Province in conjunction with applications 
it has heard on gas export. The findings have been included 
in reports to the Lieutenant Governor in Council and in two 
special reports entitled "Natural Gas Reserves of the Province 
of Alberta and Other Related Data" dated November Ist, 1955, 
and January 3lst, 1957. These appear in Appendix L. It is 
expected that a new summary of the Board's findings with 
respect to gas reserves will be published in connection with 
its recommendations to the Lieutenant Governor in Council at 


the conclusion of the current export hearings. 


© 


Oe 


For present purposes, the Board staff has prepared a 


tabulation of its estimates of natural gas reserves as of 


December 3lst, 1957. The estimate generally is consistent 


with previous ones but does not represent a finding of the 


Board with respect to the current gas export applications. 


Details of the estimate appear in Appendix I. 
The staff estimate of established reserves for the 


Province as at December 3lst, 1957, is some 21 trillion cubic 


feet. This represents an increase of about 2.7 trillion 


cubic feet since September 30th, 1956 ~ or a growth at the 


rate of 2.16 trillion cubic feet per year. The staff has 
classified its estimate as follows: 


(1) Reserves presently considered within 


economic reach Leo lie 
(2) Reserves presently considered beyond 
economic reach Leo aLOr 
(3) Reserves subject to lengthy deferment 
due to production of oil or due to 
reinjection 1.4 TCF 
PMOL Sy eg 


Total Reserves 


Reserves of Natural Gas Liquids 
A breakdown of the total gas reserve figure by cate- 
gories of gas related to the content of recoverable liquids 


appears with details of the recoverable reserves of propane, 


butane and natural gasoline in Appendix J. The total esti- 


oe serene eee 


a 


— 


an 
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mated reserves of these liquids recoverable from the 21.3 


trillion cubic feet of gas reserves are 


Millions of Gallons 


Propane 5,090 
Butanes 4,800 
Pentanes plus 5,660 

Total 15,550 


Trends in Growth of Gas Reserves 
a ee eee ere oe ee ee eene® Si. 


The recent increase in Rane reserves at the rate of 


os 


a enemas 
Ser OGcri Viton cad feet _per year may be related to the 438 


— 
wildcat SS geared during eu The actual gas reserve 


PER ee Wildcat ewel drilled is just under 5 billion 
cubic feet. When it is recognized that the 1957 discoveries 
are not yet nearly fully evaluated this figure confirms the 
conservatism of the Board's previously reported opinion (22) 


that the Province can safely anticipate a growth rate of 


6 billion cubic feet per wildcat tes 2 the next seve nat 


wet ties nn ee ee 
years. Such a growth rate, ae ae With an estimate of the 
ee a 


rate of drilling and the ultimate total wildcat wells leads 


vos i to an estimated ultimate gas reserve of 60 to 80 trillion 


re ft ¥%cubic feet. This figure is on a virgin basis, i.e. in- 
| Z f L fg t 

SAS cludes all production. 

Further details of the trends in growth of gas reserves 


appear in Appendix M. 


(22) in Appendix L 
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CHAPTER XV 


RECORDS AND STATISTICS 


The Board keeps records and statistics on all aspects of 
the licensing, drilling and production activity for all wells 
drilled in the Province. The well name register, the well 
history and completion records, the well production records, 
together with pipe line, transporter, purchaser, oil refinery 
and gas plant records, form the basis of many secondary 
records and statistics on the geological, engineering and 
marketing phases of the oil and gas industry in the Province. 

The geological classification of wells, described in 
Appendix 0, is a useful tool in statistical analyses. 

Figure XV-l presents in chart form these records and 
statistics and indicates the broad relationship that exists 
between the primary records and the various supplementary 
records, statistics, studies and publications of the Board, 

A brief description of the records and statistics kept 
by the Board is presented herewith: 

1. Primary Records 
(1) Well Name Register 
A record of official well names indicating licence 
number, location, name of licensee, name of his 
agent and name of drilling contractor. 
(2) Well History and Completion Records 
A record for each well showing 


(a) well name, licence number, location, 
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(3) 


(4) 


(b) 


ia) 


(d) 


(e) 


(f) 
(g) 


sad ee i 
classification, licensee, agent and drilling contractor; 
elevation ground, Kelly Bushing elevation and commenced 
drilling date; 
surface casing details, deviation surveys, cored inter- 
vals, drill stem test intervals and results, finished 
drilling date, total depth, perforations and treat- 
ments’; 
production casing details, abandonment details or 
first production details; 
Board geological markers, successful zone or zones 
and well completion status; 
sample cuttings and cores; 


well logs. 


Well Production and Injection Records 


A record for each producing or operated well showing 


(a) 


(b) 


re) 


(d) 
(e) 


well name, location, date of first production or 
injection, mineral ownership, producing pool, 
field and operating status; 

monthly, annual and cumulative production or 
injection or oil, water and gas liquids; 

monthly and cumulative overproduction or under-~ 
production status with respect to production 
allowables; 

gas-oil and water-oil ratios and penalty factors; 


disposition details of produced oil, gas and water. 


Pressure Records 


(a) 
(b) 


virgin pool pressures; 


pool pressure surveys; 


=o 4 = 

(c) back pressure tests; 
(d) productivity indices. 

(5) Purchaser and Pipe Line Records 
A record for each purchaser or transporter of oil, 
gas, water or natural gas liquids showing the source 
and disposition of all oil, gas, water or natural 
gas liquids purchased or received. 

(6) Oil Refinery and Gas Plant Records 


A record for each oil refinery and gas plant showing 


the receipts and source of oil, gas or other materials 


and the products recovered from such receipts. 


2. Secondary Records 

Secondary records, in most instances, are established 
from data contained in the primary records and represent 
data condensed into a usable form. 

These records may be subdivided into two broad groups, 
namely, geological, engineering or statistical records and 
interpretative and administrative records. 

(1) Geological, Engineering and Statistical Records 

(a) core analyses; 

(b) oil, gas, water analyses; 

(c) well location maps; 

(d) field, pool, provincial production records; 
(e) secondary recovery records; 

(f) oil and gas allowables and injection rates; 


(g) pool performances and pool experience records. 


e 
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(2) Interpretative and Administrative Records 

(a) battery and group production approvals; 

(b) well and pool MPR and MER; 

(c) well and pool economic allowance; 

(d) pool and provincial production potential 
and economic allowance and trends; 

(e) geology reservoir volume records; 

(f) field, pool, Province, virgin and remaining 
reserves and discovery trends; 

(g) present and future gas and oil requirements 
and population trends. 

The records, statistics and certain of the interpretative 
data described above form the basis of the various services 
and publications described in Appendix K, 

In addition special studies have been carried out on 
reserves and requirements. The results of some of these 
studies are included in the Board's submission to the Royal 


(23) More recent 


Commission on Canada's Economic Prospects 
studies dealing with reserves and discovery trends are 


included in Appendix M,. 


23) Appendix N 
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CHAPTER AVI 


PROCEDURE OF THE BOARD 


As may be surmised in perusing the Oil and Gas Conserv- 
ation Act and the regulations thereunder, the Board in its 
functioning issues numerous orders and directions. Some of 
the orders, namely, proration orders and compulsory pooling 
or unit operation orders require the approval of the Lieutenant 
Governor in Council. Orders of a "legislative nature" are 
filed under the Regulations Act (24), 

In most cases the Board holds a hearing before making an 
order or direction, but unless the regulations specifically 
require a hearing, the rule may be varied. However, the Board 
holds a hearing whenever it appears that there may be some 
interest other than that of the applicant that may be affected 
or where for some other reason the Board considers a hearing 
desirable. For example, the Board might not have a hearing 
before making an order limiting pit disposal of water as such 
an order would simply specify how good production practices 
were maintained. But on the other hand, when the Board makes 
an order establishing, in a field or area, a spacing unit 
different from that prescribed in the regulations, it first 
holds a hearing, as a variation from standard conservation 
rules is involved. 

In cases that it considers suitable, the Board may 


appoint examiners to conduct a hearing, but in such a case 


(24) Statutes of Alberta, 1957 c. 78; 
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an interested person has the right to ask the Board to 
conduct the hearing. Where examiners are appointed they 
usually conduct the whole of the hearing rather than some 
separate phases of it. 

The Board endeavours to give sufficient notice of a 
hearing to enable each interested person to know what will be 
dealt with and to prepare any submission he may wish to make, 
and at the hearing gives each party the opportunity to present 
whatever he wishes to say and to hear whatever the other 
interested parties wish to submit. 

The Board in the conduct of its hearing is not bound by 
legal rules of evidence. As a result, some evidence that would 
not be acceptable in a court is heard by the Board and this 
is considerable advantage where much of the evidence to be 
considered is in a nature of opinion evidence of experts. if 
a proposed witness fails to comply with a notice by the Board 
to attend, the Board may apply to a judge of the Supreme Court 
of Alberta for the issue of a bench warrant, 

In addition to its "formal" hearings, the Board upon 
occasion may meet with operators to discuss the formulation 
of a policy or the development of a situation that may lead 
to a Board order or a direction, Thus, if the Board felt that 
a point was being approached where pressure maintenance in 
a pool was desirable its first step would be to discuss the 
matter with the operators in the pool. This would give the 


operators an opportunity of considering the matter if they 
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had not already done so and of formulating a voluntary program 
if they agreed that the pressure maintenance was desirable, 

A provision is made in the Act for rehearings and 
appeals. Under section 118, a person affected by a Board 
order may apply for a rehearing within 45 days. Section 119 
provides for appeals to the Appellate Division of the Supreme 
Court of Alberta. An appeal on the question of jurisdiction 
may be taken from any order made under Part IV or Part V of 
the Oil and Gas Conservation Act. These Parts deal with 
drilling, production, transportation and disposition of oil 
or gas, and the right to appeal on the question of juris- 
diction affects most orders. in addition, an appeal from an 
order under section 37 or 46 may be made to the Appellate 
Division on the basis that there was insufficient evidence or 
that the order was wrongly made. 

There is one type of Board order that is subject to a 
procedure entirely different from the others due to its 
emergency nature, and that is an order under section 123 
closing an area to travel where hazardous conditions exist, 
such as those that arise in a case of a well flowing 
uncontrolled. 

The procedures and procedural powers provided for in 
the Oil and Gas Conservation Act are applicable to hearings 
by the Board under other Acts, 

Orders of the Board, when issued, are numbered and the 


number is prefixed by a symbol indicating the type of order. 
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This may assist in a classification on the following basis: 


1. 


Approved by Order in Council and filed under 

Regulations Acts 

P orders - compulsory pooling 

Compulsory unit operations orders (if and when) 

Common carrier and common purchaser orders 

Approved by Order in Council and not filed under 

Regulations Acts 

MD orders = oil prorationing 

MDS orders - transfer of allowable of wells capable 
of oil production but used for conserv- 
ation purposes, 

Permits under Gas Resources Preservation Act, 1956. 

Not approved by Order in Council but filed under 

Regulations Acts 

F orders - designating fields 


G orders - designating pools 


SU orders = prescribing spacing units other than 
normal 
W orders - restricting surface disposal of water in 


fields or areas 
GC orders- requiring gathering, processing and 
either marketing or storage of gas 
Misc orders - requiring pressure maintenance or the 
like in a field or pool 
Orders under section 46 requiring purchase, sale, 


transportation, processing, etc. of gas. 
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Not approved by Order in Council and not filed 


under Regulations Acts 


C orders - closing in a well 


FH orders - 


GA orders 
LL orders - 


MH orders - 


TV orders 


Mise orders 


Permits und 
tion of gas 


Approval of 


closing hazardous area to travel, under 

section 123 

gas allowables 

gas allowables in Lloydminster Field 

gas allowables in Medicine Hat Field 

gas allowables in Turner Valley Field 

- orders (other than C orders) made upon 
infractions of Act or regulations, 
orders relieving from off-target 
penalties, etc. 


er section 45 authorizing use or consump- 


schemes under section 38 or of agreements 


for unit operations, 


APPENDIX I 


STAFF ESTIMATE OF GAS RESERVES 
DECEMBER 31, 1957 


The Board has published estimates of the natural gas 
reserves of the Province of Alberta on six occasions colmen- 
cing with its first Report to the Lieutanant Governor in 
Council in 1951. An up to date summary of the Board's find- 
ings with respect to established reserves will be published 
atthe conclusion of the hearings of the present applications 
for permits to remove gas from the Province. In the meantime, 
the Board staff has prepared a tabulation of its estimates of 
natural gas reserves as of January ist, 1958. It estimates 
that the present.total reserves of natural, gas are 21.0 
triblieon cubiceteets,anhincrease of 2.7,trillionscubic ,feet 
oversthase estimated in»the.Board's»January, .1957, report. 

An examination of the reserves shows that about 55 per 
cent Of thegZiietrillionscubicpfeet increase is attributable 
toynew discoveries and the balance to a net increase of 
previously known reserves. The discovery of the Pine Creek 
and Waterton reserves account for over half of the increase 
due to new discoveries... Increases due to adjustments of 
previously known reserves were greatest at Bindloss, Calgary, 
Carbon, Medicine Hat, Savanna Creek and Westerose South 
fields. These were partially offset. by downward revision in 
reserves at Harmattan-Elkton, Pembina, Pincher Creek and 
Windfall. 


The total disposable. natural gas reserves of 21 trillion 


cubic feet may be classified as follows: 
(1) Reserves presently considered within 
economic reach 162 TCE 
(2) Reserves presently considered beyond 
economic reach ifw@e Tt Cr 
(3) Reserves subject to lengthy deferment 
due to production of oil or due to 


reinjection 1.4 TCF 


Total Reserves 21.00 LCF 
In Table I-l are individually listed all reserves estimated by 
the Board staff to be 10 Bci or greater, plus, some smaller 
reserves of special interest. At the end of the table are 
summarized the reserves of 46 small areas whose individual 
reserves are less than 10 Bcf and which are considered to be 
within economic reach and those of 136 small areas which are 
presently considered to be beyond economic reach. 


A brief description of Table I-l is as follows: 


Column Presents 
a i Name of field or area 
Ze Geological formation or zone from which gas is ob- 


tained, The Stratigraphic relationship of the 
formations is shown in Figure Il1l—2. 

aye Estimated original gas in place expressed in 
billions of cubic feet at standard conditions. 

4, Discount to be applied to original gas in place 
(Column 3) to account for the gas left in the res- 


ervoir at abandonment. 


Column Presents 

5 Discount to be applied, after that for reservoir 
loss, to@accountedor isurtace loss: This) factor 
includes (where applicable) allowance for gas 
flared, operational loss, field and/or plant fuel, 
and processing shrinkage attending the removal of 
carbon dioxide, hydrogen sulphide, propane and 
butanes plus. 

GO. Estimated disposable gas reserves as at January lst, 
1958, expressed in billions of cubic feet at stand- 
ard conditions. 

7. Comments of specific application to individual 


fields. 
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APPENDIX Jj 


STAFF ESTIMATE OF RESERVES OF LIQUID HYDROCARBONS 
SE EME ERE IU UU ARDUND 


DECEMBER 31, 1957 


A trend in the distribution of gas reserves by types 
has become evident in the past few years. By classifying 
each gas reserve into four types of gas, the percentage 


distribution among types as of 1950 and as of 1957 is as 


follows: 

Percentage of Total Reserves 
Type of Reserve LOS0 Loon iP 
Non-associated "Dry" gas 58 50 wet 
Condensate gas og *) Jah es 
Associated gas 9 16) AK 
Solution gas 6 10 f /~ 


It may be seen that the percentage of dry gas reserves 
has declined from 58 in 1950 to 50 in 1957, With the appar- 
ent shifting of exploration from the plains area to the foot- 
hills and mountain areas of the Province it is expected that 
more "wet" gas reserves will be discovered and that the 
percentage of gas requiring processing for removal of liquid 
hydrocarbons will increase beyond the current 50 per cemt eat 
total reserves. The reserves of the liquid hydrocarbons are 
directly dependent upon the reserves of condensate, assoc- 
iated, and solution gas. 

The liquid hydrocarbon reserves as of December dis ALS 7), 
are estimated to be 15,550 million gallons. The recoverable 


reserves are classified as follows: 


(1) Propane 5,090 million gallons 
(2) Butanes 4,800 million gallons 
(3) Pentanes Plus 5,660 million gallons 
A breakdown of the reserves of liquid hydrocarbons by 
fields is shown in Table J-1l 

The following method was used to estimate the recover- 
able liquid hydrocarbon reserves in the fields where there 
arenno Plants at present. 

(1) Recoverable propane estimated to be 50 per cent of 
propane in the” producible gas reserves. 

(2) Recoverable butanes estimated to be 90 per cent of 
butanes in the producible gas’reserves. 

(3) Recoverable pentanes plus estimated to be 100 per 
cent of pentanes plus present in the producible 
gas reserves. 

In the fields where plant statistics were available 

average recoveries were used to estinate the recoverable liquid 


hydrocarbon reserves. 


TABLE J-1 


RESERVES OF LIQUID HYDROCAKBONS FROM 


NATURAL GAS IN THE PROVINCE OF ALBERTA 


Field 

Acheson 
Alhambra 

Bonnie Glen 
Calgary 
Campbell-Namao 
Cessford 
Crossfield 
Eagle Hill 
Erskine 
Fenn-Big Valley 
Gilby 

Glen Park 
Golden Spike 
Harmattan-Elkton 
Honieglen-Rimbey 
Hussar 
innisfail 
Jumping Pound 


Leduc-Woodbend 


DECEMBER 31, 1957 


Recoverable 
Propane 
Million 
Gallons 


845 


Recoverable 
Butanes 
Million 


Gallons 


585 


Kecoverable 
Pentanes Plus 
Million 
Gallons 


20 


ie) 


Field 
Morinville 
Nevis 

Penbina 

Pincher Creek 
Provost 
Redwater 

Sarcee 

Stettler 
Sturgeon Lake 
Sturgeon Lake South 
Sundre 

Turner Valley 
Waterton 

West Drumheller 
Westerose 
Westerose South 
Westward Ho 
Wimborne 
Windfall 


Wizard Lake 


TOTALS 


Kecoverable 


Propane 
Million 


Gallons 


25 


200 


110 


140 


Recoverabile 
Butanes 
Million 


Gallons 


20 


145 


4,800 


%* 45# RVP Product 


ik 
ae By 


Me JP )» 
a 


Recoverable 
Pentanes Plus 
Million 
Gallons 
10 
IWR 
205 
400 
eke 
fps 
25 
10 
10 
25 
10 
355% 


1,650 


5,660 


APPENDIX M 


TRENDS IN THE GROWTH OF VIRGIN RECOVERABLE 
EE a RECOVERABLE 


RESERVES OF OIL AND CONDENSATE AND NATURAL GAS IN 
ee th AND NATURAL GAS IN 


THE PROVINCE OF ALBERTA 


Present Reserves of Qil and Condensate 

A review of data on the recent growth of Alberta oil and 
condensate reserves shows that as of December 31, 1957, the 
drilling of a total of 4,045 wildcat wells has resulted in 
the discovery of some 4 billion barrels of recoverable virgin 
reserves of oil and condensate, The increase in new reserves 
during 1957 amounted to some 283 million barrels, of which 
Some 66 million barrels is attributable to newly discovered 
pools or fields. Data for the past five years shows that an 
average of approximately 423 million barrels of new or addi- 
tional reserves have been added to the total virgin reserves 
each year. 

The remaining recoverable reserves and condensate after 
allowance for the cumulative production of some 812 million 
barrels are estimated to be about 3.1 billion barrels as of 
December 31, 1957. The net increase in remaining reserves 
during 1957 is in excess of 145 million barrels. 

The distribution of the remaining recoverable reserves 


of oil and condensate by broad gravity ranges is as follows: 


2 ype Millions of Barrels 
Light and Medium Oils 2,893 
Heavy Oil 34 
Condensate Le5 


Total yeu I HF 


These reserve figures represent the total of carefully 
compiled estimates for all individual pools within the 
Province. Each estimate is based on all available data on 
reservoir and production characteristics and refers to proven 
economically recoverable oil. The significance of the reserve 
estimates is indicated by considering the ratio of the year- 
end remaining recoverable reserves to annual production, 

This ratio has changed from 10 years, in 1946, through a 
figure of some 50 years in 1948 to its present value of approx- 


imately 23 years. 


Future Reserves of Oil and Condensate 
ee ee ee Oe ee Oe Lee Ce 


An indication of the extent of the potential reserves of 
recoverable oil underlying Alberta may be had by considering 
the volumes of favourable oil containing sediments in Alberta, 
To this may be assigned an accumulation factor for oil, based 
on experience in the United States, and assuming that the 
Same degree of oil accumulation will occur in Alberta. A 
second approach, which can be related to the number of wild- 
cats drilled at any given time, is based on the success of 
wildcat wells and the area of prospective oil and gas lands 
in Alberta, 

In a submission made to "The Royal Commission on 
Canada's Economic Prospects", in October, 1955, the Board 
staff estimated that there existed in Alberta some 200,000 
Square miles of land favourable for the prospecting of oil 


and gas and that this area contained some 270,000 cubic 


~“y 


miles of sediment favourable for the accumulation of oil and 
gas reserves. By applying a minimum and maximum accumulation 
factor of 40,000 to 55,000 barrels of oil per cubic mile of 
Sediments to the total volume of favourable sediments a poten- 
tial reserve figure of 10.8 billion to 14.9 billion barrels 
of recoverable oil is calculated for Alberta. These reserve 
estimates refer to the total gross volumes of recoverable oil 
with no deduction made for the oil produced during any period, 
The second approach employed in estimating the future 
recoverable reserves of crude oil is based upon the record 
of success of wildcat wells and the area of prospective oil 
and gas lands in the Province. The density of wildcat dril- 
ling has increased steadily from one wildcat per 121 square 
miles (of the 200,000 square miles of potential oil bearing 
sediments) as of December 31, 1951, to one wildcat well per 
49 square miles as at December 31, 1957. The Board considers 
that this density will increase esGCe saineae per 10 square 
miles before the increase in the cumulative virgin recover- 
able reserves of oil and condensate per wildcat well becomes 
negligible. This would give a total of some 20,000 wildcat 
wells for the 200,000 square miles of potential oil area, 
Statistical data dealing with the total number of wild- 
cat wells drilled and the recoverable reserves of oil and 
condensate discovered to December 31, 1957, show that 4,045 
wildcat wells have resulted in the discovery of approx- 


imately 4 billion barrels of recoverable virgin reserves, 
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This is an overall discovery rate of almost one million 
barrels of oil for every wildcat well drilled. 

The trend in the growth of the virgin recoverable re- 
serves of oil and condensate per wildcat drilled is shown in 
Figure M-l. The annual plots are based on data given in 
Table M-1. The line A-Al indicates the rate of the virgin 
reserves discovered per year for the number of wildcat wells 
drilled each year, This line is erratic due to its sensit- 
ivity to discoveries of large reserves in any one year. The 
line B-Bl is the relationship of the cumulative recoverable 
virgin reserves discovered to the cumulative number of wild- 
cat wells drilled and illustrates an overall discovery rate 
of approximately one million barrels for each wildcat well 
drilled. 

Figure M-2 illustrates the trend in the growth of cumu- 
lative recoverable virgin reserves with the cumulative number 
of wildcat wells drilled. The line DE is the trend in the 
growth of virgin recoverable reserves to date. The line DEF 
is an estimate of the growth trend that is anticipated with 
the drilling of a total of 20,000 wildcat wells. The change 
in slope of the curve reflects an expected reduction in the 
rate of discovery as the remaining undiscovered reserves 
decrease. 

The conclusions of this approach are: 

(1) that the drilling of an estimated 20,000 wildcat 


wells will ultimately result in the discovery of 
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Some 14 billion barrels of recoverable oil, conden- 
Sate; and 
(2) that the extent to which these reserves are known 

at any time will depend on the total number of 

wildcat wells drilled at the same point in time, 
Trends in the Growth of Potential Production and 
Production of Oil and Condensate 

Figure M-3 which is based on data given in Table M-2, 

illustrates the trends in the Srowth of the potential produc- 
tion and actual production of oil and condensate in the Prov- 
ince since 1946. For the years prior to 1949 the markets for 
Alberta oil and condensate were Sufficient to absorb the 
total provincial production capacity. With the discovery and 
the rapid development of the Leduc, Redwater and other fields, 
the provincial production capacity during the period 1949 to 
1952 exceeded the requirements of the Western Canadian markets 
by a wide margin. The construction of pipe lines to Eastern 
Canada and to the West Coast during the period 1952 and 1953 
made Alberta oil available to Ontario, British Columbia and 
Washington, U.S.A., markets and thus a larger portion of 
Alberta's production capacity was utilized. In 1954 the 
annual average daily production amounted to 70 per’ cent’ oz 
the provincial productive capacity. Since 1954 the productive 
capacity has increased with the discovery of new fields at a 
faster rate than the growth in markets, In 1957 the annual 


production rate was equal to only 50 per cent of the maximum 
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efficient rate of production of some 756,000 barrels per day. 

The line GH-G in Figure M-3 illustrates the growth in 
potential production from 18,000 barrels per day in 1946 to 
756,000 barrels per day in 1957. The line GH-H illustrates 
the growth in actual production from 18,000 barrels per day 
in 1946 to 376,000 barrels per day in 1957. The line J-Jl 
illustrates the percentage relationship of the actual produc- 
tion to the potential production for the period 1946 to 1957, 
Trends in the Growth of Recoverable Reserves of 
Oil and Condensate 

Figure M-4 which is based on data given in Table M-2 
illustrates the trends in the growth of recoverable reserves 
of oil and condensate in the Province of Alberta. The line 
K-Kl shows the growth in virgin recoverable reserves from 157 
million barrels in 1946 to 3.9 billion barrels in 1957. This 
figure compares favourably with the figure of 4 billion 
barrels in 1957 as predicted in the Board's submission to "The 
Royal Commission on Canada's Economic Prospects”. anyeless, 
The year-end remaining recoverable reserves during the same 
period increased from 72 million barrels to 3.1 billion 
barrels and is shown on the graph as line L-L1l, The differ- 
ence between the virgin and remaining recoverable reserves 
represents cumulative production as of December SL LOST? of 
some 812 million barrels. 

The annual production of oil and condensate, illustrated 


by line M-Ml, has increased almost Steadily from 7 million 
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rate of production fell below that for 1956. This decline in 
rate is believed to be temporary in nature and not indicative 
of a long term trend of a stable or decreasing rate of prod- 

uction. 

The line 0-01 illustrates the relationship of annual 
production to year-end remaining recoverable reserves for the 
period 1946 to 1957. The annual rate of reserve withdrawal 
for the past five years has averaged between 4 per cent and 
4.5 per cent of the year-end remaining recoverable reserves. 
In 1557 this rate had dropped to 4.4 per cent as compared to 


4.86 per cent in 1956. 


Trends in the Growth of the Reserves of Natural Gas 

Statistical data dealing with the number of wildcat wells 
drilled, and the initial disposable gas reserves discovered 
to December 31st, 1957, are presented in Table M-3, The 
table indicates that the drilling of 4,045 wildcat wells 
resulted in the discovery of some 22.2 trillion cubic feet of 
initial disposable gas reserves. This is an overall discov- 
ery rate of 5,5 billion cubic feet of gas for every wildcat 
well drilled and agrees closely with the corresponding rates 
established in June, 1953, June, 1955, and September, 1956. 
TheSe raves) Were 20.3, o.40ana 0,6 Dillion cubic feet of gas 
per wildcat well respectively. 

Figure M-5 shows a plot of the onal ate re ei 2b ay og ty. | 


disposable reserves of natural gas by years using the data 
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listed in Table M-3. For comparative purposes the corres-— 
ponding graphs published in four most recent Board Reports 
have been included. The curves indicate that a time lag of 
several years occurs before new discoveries may be fully 
evaluated. it is apparent that reserves discovered previous 
to 1953 have been almost completely evaluated, while those 
discovered subsequent to that time likely will be assigned a 
higher value in total when re-examined in the future. 

Figure M-6 is a revision of similar plots contained in 
previous Board Reports. It shows the initial disposable 
reserves per Wildcat well drilled for the years 1942 to 1957 
inclusive. The dashed line "A-A" indicates the ratisc of the 
initial disposable reserves discovered per year to the number 
of wildcat wells drilled in the same year. I1t is erratic due 
to the sensitivity to discoveries of large reserves in any 
particular year. When the data are plotted on a cumulative 
basis as indicated by the line "B-B", a definite trend is 
established. This curve shows that at December 31st, 1957, 
due to the drilling of 4,045 wildcat wells which resulted in 
the discovery of 22.2 trillion cubic feet of initial dispos- 
able gas reserves, the cumulative rate of discovery was 5.5 
billion cubic feet for each wildcat well drilled. .Due to 
the time-lag effect, previously mentioned, the 1953, 1955 
and 1956 values have increased from 5.3, 5.4 and 5.6 billion 
cubic feet per wildcat well drilled to 7.0, 6.8 and 6.0 


billion cubic feet per wildcat well respectively. The Board 


believes it realistic to assume that for the next few years 
at least, six billion cubic feet of natural gas reserves will 
be developed per wildcat well. 

Figure M-7 shows the growth of cumulative initial 
disposable gas reserves with the cumulative number of wildcat 
wells drilled. The line DEF is an estimate of the growth 
trend which was constructed as a conservative forecast on the 
basis of data available for the Board's November, 1953, report. 
On the basis of current data the Board is of the opinion that 
the projection indicated by line ABC is reasonable. The 
change in slope of the curve indicates an expected diminishing 
rate of growth of initial disposable reserves of natural gas 
per wildcat well drilled in future years from the present 
expectation of six billion cubic feet per wildcat well. At 
the present rate of 350 to 400 wildcat wells per year the 
diminishing rate is not expected to be noticeable until five 
to ten years hence, 

As a check on the projection, a comparison may be made 
with the estimated future oil reserves, previously discussed. 
At December 31st, 1957, the cumulative initial recoverable 
gas reserves and the cumulative virgin recoverable reserves 
of oil and condensate were 22.2 trillion cubic feet and four 
billion barrels respectively. The reserves gas-oil (plus 
condensate) ratio is 5,500 cubic feet per barrel. Applying 
this ratio to the range of estimates given for the cumulative 


virgin recoverable reserves of oil and condensate after the 


)) 


drilling of 20,000 wildcat wells, one obtains the correspond- 
ing range of cumulative initial recoverable gas reserves of 
60 to 83 trillion cubic feet, The Board believes this alter- 
nate approach to the reserves projection to be indicative 


of ultimate possibilities, 
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